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OEGANIC    CHEMISTEY, 

OR   THE   CHEMISTRY  OF  THE   HYDROCARBONS   AND    THEIR 

DERIVATIVES, 


PART  II. 

COMPOUNDS  CONTAINING  DIVALENT 
EADICALS. 

DYAD  ALCOHOL  RADICALS. 

These  compounds  differ  from  the  monatomic  alcohol  radicals 
inasmuch  as  many  exist  in  the  free  state.  They  form  a  homo- 
logous series,  the  first  term  being  ethylene,  CgH^,  formerly  called 
defiant  gas.  For  this  reason,  at  Guthrie's  suggestion,  the 
hydrocarbons  having  the  general  formula  CnH2n  are  termed  the 
olefines} 

451  General  properties  0/ the  Olefines.  The  lower  members  of 
this  series  are,  like  the  lower  paraffins,  gases  at  the  ordinary  tem- 
perature. The  next  members  are  volatile  liquids,  whose  boiling- 
points  rise  regularly  with  every  increment  of  CHg  until  the  higher 
members  are  reached  ;  these  are  solid  bodies,  crystallizing  at  the 
ordinary  temperature.  The  defines  are  at  once  distinguished 
from  the  paraffins  by  their  reaction  with  chlorine  and  bromine,  as 
they  combine  directly  with  these  elements,  even  in  the  dark,  with 
evolution  of  heat,  to  form  dichlorides  or  dibromides,  and  these 
latter  bodies  are  readily  transformed,  by  double  decomposition, 

^  Jowni,  Chem.  Soc.  [1],  xii,  109. 
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into  other  compounds  of  the  dyad  alcohol  radicals.  For  effecting 
these  conversions  methods  are  nsed  similar  to  those  employed 
for  the  preparation  of  the  compounds  of  the  monad  alcohol 
radicals  from  their  haloid  ethers. 

Attempts  to  prepare  other  compounds  of  dyad  radicals 
from  the  haloid  ethers  were  first  made  in  1840  by  Lowig  and 
Weidmann.  They  acted  upon  ethylene  chloride  with  potassium 
sulj^hide  and  potassium  hydrosulphide,  obtaining  ethylene 
sulphide  and  ethylene  hydrosulphide,^  the  true  relationships 
of  which  v*^ere  however  at  that  time  not  fully  recognised.^ 

In  1855  Butf,^  and  at  the  same  time  Sonnenschein  and 
Meyer/  prepared  ethylene  thiocyanate,  whilst  a  year  afterwards 
Wurtz  made  the  memorable  discovery  of  the  existence  of  ethy- 
lene alcohol  (see  part  i.  p.  27).  He  and  several  of  his  pupils 
then  showed  that  this  body  is  the  first  term  of  a  series  of  homo- 
logues,  and  soon  made  us  acquainted  with  a  large  number  of 
very  interesting  derivatives. 

The  defines  also  combine  directly  with  the  hydracids  of  the 
chlorine  group.  Ethylene  and  hydriodic  acid  form  ethyl  iodide, 
whilst  the  defines  containincp  more  than  two  atoms  of  carbon 
yield  secondary  or  tertiary  haloid  ethers,  as  has  already  been 
stated  (part  i.  p.  182).  Some  olefines  also  combine  directly  with 
water,  with  formation  of  the  tertiary  alcohols  (part  i.  p.  186). 
Moreover  they  combine  with  hypochlorous  acid,  bodies  termed 
chlorliydraJ.es  or  chlorhi/drins  being  thus  formed,  such  as  ethylene 
chlorhydrin^  CgH^Cl.OH,  and  these  may  be  considered  to  be 
monochlorinated  alcohols  of  the  monad  radicals.  The  olefines 
likewise  combine  with  nitrogen  tetroxide. 

452  Constitution  of  the  Olefines.  Owing  to  the  readiness 
with  which  the  olefines  undergo  direct  combination,  they  have 
been  termed  non-saturated  hydrocarbons,  an  expression  which 
points  to  the  assumption  that  they  contain  free  combining 
units.  This  view  was  formerly  accepted  by  some  chemists, 
whilst  others  adopted  the  idea  that  the  olefines  are  saturated 
compounds,  but  that  they  contain  one  atom  of  carbon  which 
acts  not  as  a  tetrad  but  as  a  dyad.  According  to  a  third  hypothesis, 
now  generally  adopted,  two  of  the  carbon  atoms  in  the  olefines 
are  linked  together  by  two  combining  units,  and  this  double 
linkage  is  changed  into  a  single  linkage  by  the  action  of  the 
elements  of  the  chlorine  group  or  their  hydracids.    According  to 

1  Poqg,  Ann.  xlix.  123.  ^  Kekule,  Lchrh,  i   643. 

2  Ann.   Chem.  Pharm.  c.  229.  *  Journ.  Prakt,  Chem.  Ixv.  259. 
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the  first  of  these  hypotheses,  the  simplest  olefine,  ethylene, 
CgH^,  ought  to  exist  in  two  forms  : 

CH3  — CH, 

I  I 

=CH.  — CH^. 

We  are  however  acquainted  with  only  one  ethylene,  and  all 
experiments  made  for  the  purpose  of  obtaining  an  isomeric 
hydrocarbon  have  proved  abortive.^  That  the  well  known 
body  ethylene  is  not  represented  by  the  first  of  the  above  two 
formulae,  and  therefore  also  that  it  is  not  represented  by  the 
formula  CH3 — CH,  which  assumes  the  existence  of  a  dyad 
carbon  atom,  is  proved  by  the  fact  that  the  above  named 
ethylene  chlorhydrin  yields  on  oxidation  chloracetic  acid  : 

Ethylene  CMorhydrate.  Chloracetic  Acid, 

CHgCi  CH2CI 

CH2.OH.  CO.OH. 

Hence  ethylene  possesses  the  constitution  assigned  to  it  by 
the  second  formula,  or  it  contains  the  two  carbon  atoms  doubly 
linked. 

A  further  argument  against  the  existence  of  either  free  com- 
bining units  or  dyad  carbon  is  found  in  the  fact  that  only  one 
propylene,  CgHg,  is  known,  whilst  according  to  the  first  of  these 
hypotheses  the  four  following  are  possible  : 


GH3 

— CH^ 

CH3 

1 

CH3 

CH 

j 

CH2 

1 
z=C 

1 
CH2 

CH^. 

— CH^. 

CH3. 

=CH. 

If,  on  the  other  hand,  we  assume  that  the  hydrocarbon  contains 
a  dyad  carbon  atom,  the  atoms  can  only  arrange  themselves 
according  to  the  third  or  fourth  formula.  That,  however,  this 
is  not  the  case  fallows  from  the  fact  that  propylene  is  obtained 
by  the' withdrawal  of  the  elements  of  hydriodic  acid  from  both 
primary  and  secondary  propyl  iodide,  and  that  consequently  on 
the  assumption  of  free  combining  units,  only  the  first  of  these 
formulae  can  explain  its  constitution. 

Again,  whilst  we  are  acquainted  with  only  one  ethylene  and 

^  Tollens,    Ann.    Chem.   Pharm.   cxxxvii.   311 ;  L.    Meyer,  ib.    cxxxix.   2S5 ; 
Frankland  and  Dobbin,  Journ,  Chem.  Soc.  1878,  i.  545. 
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one  propylene,  three  butylenes,  C4H8,  exist,  and  the  assumption 
that  the  olefines  each  contain  two  carbon  atoms  doubly  linked 
stands  in  complete  accordance  with  this  fact,  whilst  on  the 
other  hypotheses  a  larger  number  of  butylenes  are  possible. 
These  three  butylenes  are  obtained  by  removing  the  elements  of 
hydriodic  acid  from  the  well  known  butyl  iodides.  The  normal 
primary  iodide  yields  a  butylene  different  from  that  obtained 
from  the  secondary  iodide.  Both  olefines  however  unite  with 
hydriodic  acid  to  form  the  secondary  iodide.  A  third  butylene 
is  formed  both  from  isobutyl  iodide  and  from  the  tertiary  iodide, 
and  it  combines  with  hydriodic  acid  to  form  the  latter  body. 
If  we  now  assume  that  these  olefines  contain  free  combining 
units,  their  constitution  can  only  be  represented  by  the  following 
formulae : 

CHq  CHq  CHq 

I  I  I 

CH,  — CH  — C — CHq 

I  I  I  . 

— CH  — CH  — CH. 

I  I 

— CHg.  CH3. 

In  other  words  it  is  proved  in  this  .as  in  ail  other  cases  that 
the  carbon  atoms  which  are  not  saturated  with  hydrogen  are 
the  two  neighbouring  ones  and  the  simplest,  and,  therefore,  the 
most  probable  hypothesis  is  that  these  two  atoms  are  connected 
together  by  double  linkage. 

When  the  olefines  are  oxidized  by  potassium  bichromate  and 
dilute  sulphuric  acid,  they  decompose  in  a  similar  way  to  the 
secondary  or  tertiary  alcohols,  and  the  division  of  the  molecule, 
except  in  the  case  of  ethylene,  always  takes  place  where  the 
double  linkage  occurs.  Potassium  permanganate  in  aqueous 
or  acid  solution  acts  in  a  similar  way,  but  at  the  same  time 
bibasic  acids  are  mainly  produced. 

As  examples  the  following  may  be  quoted  : 

Propylene.  Isobutylene,  Propyl- ethylene 

CH3.CH=CH,.       (CHJ.CziGH,.       CH3.CH,.CH,,CH=CH,. 

Methyl-propyl-etliyleiie.  Etiiyl-dimethyl-ethylene 

CH3.CH,.CH,.CH=:CH.CH3.  CH3.CH,.CH-C(CH;),. 

Tetram  ethyl-  eth  ylene . 

(CH3),C-C(CH3),. 
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Of  these,  the  two  first  yield  on  oxidation  carbon  dioxide,  acetic 
acid,  and  formic  acid,  isobutylene  yielding  acetone  in  addition. 
Propyl-ethyjene  yields  normal  butyric  acid  and  formic  acid,  and 
the  first  of  these  acids  is  formed  together  with  acetic  acid  from 
methyl-propyl-ethylene,  whilst  ethyl-dimethyl-ethylene  yields 
propionic  acid,  and  acetone  or  acetic  acid.  On  the  other  hand, 
tetramethyl-eth}'lene  yields  only  the  two  latter  compounds. 

The  above  examples  serve  to  illustrate  the  nomenclature  of 
the  defines,  their  names  being  obtained  by  the  addition  of  the 
syllable  -ene  to  the  name  of  the  corresponding  monad  radical. 
Another  nomenclature  which  is  sometimes  adopted  is  to  change 
the  vowel  a  in  the  terminal  S} liable  of  the  paraffin  into  e, 
ethane  thus  becoming  ethene,  &c.  As  all  the  olelines  may 
be  looked  upon  as  derivatives  of  ethylene,  propylene  may 
te  termed  methyl-ethylene,  and  isobutylene,  dimefchyl-ethylene. 
This  form  of  nomenclature  is  especially  useful  for  the  distinction 
of  isomeric  defines,  as  the  above  examples  indicate. 

453  Formation  of  the  Olefines.  Olefines  are  formed  in  several 
ways.  They  are  obtained  from  the  alcohols  of  the  monad  radicals 
by  the  action  of  dehydrating  agents,  such  as  sulphuric  acid, 
phosphorus  pentoxide,  zinc  chhjride,  &c. 

The  haloid  ethers  of  the  alcohol  radicals  are  converted  into 
the  olefines  when  they  are  heated  with  alcoholic  potash  : 

C4H9I  +  KOH  =  C.Hg  +  KI  +  Hp. 

The  secondary  and  tertiary  compounds  readily  undergo  de- 
composition in  this  way,  some  of  the  latter  class  even  decom- 
posing spontaneously  at  temperatures  considerably  above  their 
boiling-points.  The  primary  haloid  ethers  which  are  attacked 
by  potash  with  greater  difficulty,  always  yield,  together  with  the 
olefines,  a  mixed  ether,  whilst,  secondary  chlorides  yield  Avith 
potassium  acetate  and  glacial  acetic  acid  under  pressure,  not 
only  the  acetic  ethers  but  also  an  define  (Schorlemmer),  The 
haloid  ethers  are  likewise  converted  into  olefines  by  heating 
with  oxide  of  lead  to  220°.^ 

The  olefines,  moreover,  may  be  prepared  synthetically.  For 
example,  the  butylene  termed  ethyl-ethylene  may  be  obtained 
by  the  action  of  zinc-ethyl  on  monotrom-ethylene  : 

Allyl  iodide,  CgHj^T,  similarly  treated  yields  a  pentylene, 
CH— CH.CH2.CH2CH3,    which   is   propyl-ethylene. 

^  Eltekow,  Joum.  Muss.  Chem.  Qes,  p.  89. 
135 
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The  production  of  the  defines  in  various  preparations  of 
the  paraffins,  as  well  as  by  heating  the  solid  paraffins  under 
pressure,  has  already  been  mentioned  (see  part  i.  p.  137). 

The  hydrocarbons  which  are  evolved  when  cast-iron  is 
dissolved  in  dih]te  acids  also  contain  olefines  ;  ^  and  lastly, 
these  bodies  are  found  amongst  the  products  of  the  destructive 
distillation  of  many  organic  compounds,  and  hence  occur  in 
coal-gas,  coal-tar,  wood-tar,  &c. 

Zinc  chloride  or  sulphuric  acid  easily  converts  the  olefines 
into  polymeric  modifications,  and  hence  when  they  are  prepared 
from  the  alcohols  by  means  of  these  bodies,  polymeric  hydro- 
carbons are  generally  formed.  In  this  formation  a  double  de- 
composition between  the  define  and  unattacked  alcohol  takes 
place. ^  Thus,  for  example,  by  the  action  of  sulphuric  acid  on 
trimethyl-carbinol,  di-isobutylene  and  tri-isobutylene  are  formed: 

C^Hg  -f  C^H^qO  =  CgH^e  -1-  HgO. 

Tlie  same  products  are  obtained  by  heating  isobutylene/ 
tertiary-butyl  iodide,  and  lime  to  100°.^  Tlie  constitution  of 
these  and  other  pplymeric  olefines  Avill  be  discussed  under  their 
several  heads. 

454  Substitution-products  of  the  olefines.  Inasmuch  as  the  ele- 
ments of  the  chlorine  group  unite  directly  with  the  olefines,  these 
bodies  naturally  do  not  directly  give  rise  to  substitution-products, 
although  such  compounds  may  be  obtained  indirectly.  For 
example,  the  four  atoms  of  hydrogen  in  ethylene  maybe  replaced 
successively  by  chlorine,  by  combining  the  define  with  chlorine, 
.and  then  heating  the  ethylene  dichloride  with  alcohdic  potash  : 

C,H,C]2  +  KOH  ==  C,H3C1  +  KCl  +  H,0. 

The  monochlor-ethylene  thus  formed  again  combines  with 
chlorine  to  form  monochlor-ethylene  dichloride,  and  this  is  con- 
A'erted  by  alcoholic  potash  in  dichlor-ethylene,  and  so  on. 

455  Olycols,  This  name  is  given  to  the  class  of  diatomic 
.alcohols,  the  first  term  of  which  series  is  ethylene  alcohol  or  glycol 
€2H^(OH)2.    This  was  first  obtained  in  1856  by  Wurtz,  a  discovery 

*  Hahn,  Ann,  Qhem.  Pharm.  cxxix.   f.7  ;  "Williams,   SiUiman's  imer    Jm,'r^ 
■[3],  yi.  363;  Cljez,  Com'pt  Rend.  Ixxvili    1565.  ^i'>nan  s  Amer.  Joum. 

^  Butlerow,  Ann.  Chem,  Pharm.  clxxxix.  47. 
^  Lerraontow,  lb.  cxcvi,  116. 
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which  was  soon  followed  by  that  of  several  of  its  liomologues. 
Up  to  that  time,  only  the  alcohols  of  monad  radicals  were  known, 
with  the  single  exception  of  glycerin,  €3115(011)3,  which,  as 
Berthelot  had  pointed  ont,  is  an  alcohol  of  a  triad  radical.  It 
appeared  therefore  to  Wurtz  not  unlikely  that  an  alcohol  might 
exist  intermediate  between  alcohol  and  glycerin.  This  was 
borne  out  by  experiment,  and  the  body  thus  obtained  he  termed 
glycol,  "pour  marquer  la  double  analogic  qui  les  relie  k  la 
glycerine  d*une  part,  k  Talcool  de  Tautre."  ' 

The  gtycols  may  be  obtained  from  the  haloid  ethers  of  the 
dyad  radicals,  in  a  similar  way  to  that  by  which  the  common 
alcohols  are  obtained  from  their  corresponding  ethers.  Several 
other  modes  of  preparation  will  be  described  hereafter. 

After  Wurtz  had  prepared  the  four  first  glycols,  he  made 
the  singular  observation  that  the  boiling-points  of  these  bodies, 
in  opposition  to  those  of  members  of  the  other  homologous 
series,  do  not  rise  but,  on  the  contrary,  diminish  for  every 
increment  of  CHg,  as  follows: 

B.P. 
Ethylene  glycol,    Q^B.fi^      197°-5 
Propylene  glycol,  CgHgO^        188° 
Butylene  glycol,    Gfi-^f>.2      1^-^° 
Amylene  glycol    G^B.^^0^      177° 

This  apparently  anomalous  fact  has  since  been  very  satis- 
factorily explained,  for  the  constitution  of  the  above-named 
bodies  are,  in  fact,  not  analogous.  That  this  is  the  case  is  seen 
from  the  following : 

Ethylene  glycol.  Propylene  glycol. 

CH  .OH  CH, 

I  I 

CH,.OH.  CH.OH 

I 
CH2.OH. 

Butylene  glycol  Amylene  glycol. 

CH3  CH3  CH3  CH^ 

C.OH  C.OH 

CH2.OH.  CH.OH 


CH3. 


1  Ann.  Chim.  Phijs.  [3],  Iv.  402. 


10  COMPOUNDS  CONTAINING  DIATOMIC  RADICALS. 


Ethylene  glycol,  according  to  this,  is  a  prinjary  alcohol; 
propylene  glycol,  on  the  other  hand,  is  a  primary-secondary 
compound  ;  whilst  the  third  alcohol,  also  termed  isobutylene 
alcohol,  is  a  primary-tertiary  alcohol ;  and  amylene  glycol  is  a 
secondary-tertiary  alcohol. 

The  primary  alcohol,  trimethylene-^lycol,  CH2(OH).CH2CH2- 
(OH),  isomeric  with  propylene-glycol  boils  at  216°,  from  which 
it  appears  that,  in  the  case  of  the  normal  primary  glycols,  the 
boiling-point  rises  in  exactly  the  same  ratio  as  it  does  in  the 
case  of  the  corresponding  alcohols  of  the  normal  series. 

456  Pinacones.  In  addition  to  the  foregoing,  we  are  also 
acquainted  with  glycols  which  are  only  secondary,  or  only 
tertiary,  alcohols.  The  tertiary  glycols,  which  are  termed  pina- 
cones, are  easily  obtained  synthetically  from  the  ketones  by 
bringing  them  in  contact  wdth  nascent  hydrogen,  when,  of 
course,  a  part  of  the  ketone  passes  over  into  the  secondary 
alcohol,  a  result  which  may  be  to  a  great  extent  prevented 
by  keeping  the  ketone  out  of  solution.  Common  acetone  yields 
the  simplest  pinacone  or  tetramethyl-ethylene  alcohol : 

CH3  CH3  CH,  CH, 

\/  \V      ' 

CO  H  C.OH 

+  =  I 

CO  H  C.OH 

CH3  CH3  CH3  CH3. 

The  glycols  yield  on  oxidation,  according  to  their  constitu- 
tion, different  products.  Those  which  are  only  primary  alco- 
hols, are  converted  first  into  monobasic,  and  afterwards  into 
dibasic-acids : 

Ethylene  Alcohol.  Oxyacetic  Acid.  Oxalic  Acid. 

CH2.OH  CH,.OH  CO.OH 

I  I  1 

CH2.OH  CO.OH  CO.OH. 

Primary-secondary,  and  primary-tertiary  glycols  yield,  as  first- 
product,  a  monobasic  oxyacid  : 

Lactic  Acid,  or 
Propylene  alcoliol.  a- Oxy propionic  Acid. 

CH3  CH3 

CH.OH  CH.OH 

\  I 

CH^.OH  CO.OH. 
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laobutylene  Alcohol,  Oxyisobutyric  Acid. 

CH3  CH3  CH3  GH, 

\/  \/     ' 

C.OH  C.OH 

I  I 

CH2.OH  CO.OH 

The  oxyacids  thus  obtained  are  considered  in  the  following 
chapter. 

The  secondary  glycols  yield  on  oxidation  two  molecules  of  a 
fatty  acid,  whilst  the  tertiary  alcohols  or  pinacones  are  first 
reconverted  into  the  ketones  from  which  they  originated. 

457  Oxides.  The  first  product  obtained  by  the  action  of  hydro- 
chloric acid  on  a  glycol  is  a  chlorhydrin,  one  of  the  hydroxyls 
being  replaced  by  chlorine.  These  compounds  which  are  half 
chlorides  and  half  alcohols,  and  which,  as  has  been  stated,  may 
also  be  obtained  by  the  direct  union  of  the  olefines  with 
hypochlorous  acid,  are  easily  attacked  by  caustic  potash,  and 
thus  the  oxide  is  formed  : 


CH^Cl 

CH^, 

1 

+     KOH     = 

=      1    ' 

CH2.OH 

CH2 

^O     -f     KCl    +     H2O. 


The  oxide  in  the  above  case  is  isomeric  with  acetaldehyde 
which,  as  we  have  seen,  may  be  regarded  as  the  oxide  of  a  dyad 
radical  ethidene,  ^^CH.CHg. 

The  ketones,  like  the  aldehydes,  behave  in  many  respects 
like  oxides  of  dyad  radicals,  and  hence  in  the  propylene  series 
we  have  the  following  four  oxides : 

Propylene  Trimethylene         Propion aldehyde   or    Dinieth/lm ethylene 

Oxide.  Oxide.  rropidene  Oxide.  Oxide 

CH3  CH3  CH3  CH3 

1  I        \  I  I 

OHv  CH,  O  CH„  CO 

i      >  I      /  I  I 

CH/  CH2  CHO  CH3. 

It  is  a  remarkable  fact  that  the  glycols  are  not  converted  into 
the  corresponding  oxides  by  the  removal  from  them  of  the 
elements  of  water,  but  that  aldehydes  or  ketones  are  thus 
formed.  For  example,  when  ethylene  glycol  is  heated  with 
zinc  chloride,  acetaldehyde  is  formed,^  and  this  is  also  produced 
when   ethylene    alcohol  is    heated  with  water  to  220° — 230°.^ 

^  "Wurtz,  Compt.  Renad.  xlvii.  346  ;  Ann.  Chem.  Pharm.  cviii.  84. 

2  Nevole,  Compt.  Betid.  Ixxxiii.  228. 
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Id  the  case  of  the  glycols  richer  in  carbon  the  change  takes 
place  at  a  lower  temperature,  and  it  is  not  necessary  first 
to  prepare  the  glycols,  inasmuch  as  if  the  dibromide  of  the 
olefine  be  heated  with  water  and  oxide  of  lead  to  140° — 150°, 
the  glycols  which  are  formed  to  begin  with,  decompose  in 
various  ways  according  to  their  constitution.^  Thus  compounds 
containing  the  group  -  CHBr  -  CHaBr,  form  an  aldehyde  and 
a  ketone,  the  glycol  undergoing  two  distinct  decompositions. 


CH3 

CH3 

CH.OH    = 

CH,    +     H,0 

CH2.OH 

COH 

CH3 

CH3 

CH.OH    = 

1 

CO      +    H2O 

1 

CH2.OH 

1 
CH3. 

If  the  group  ~  CBr-CHjBr  be  present,  the  aldehyde  only 
is  formed  ;  isobutylene  dibromide,  (CH3)2CBr.CH2Br,  yields 
isobutyl  aldehyde  (CH3)2CH.COH.  If  the  compound  contain 
the  group  — CHBr.CBr.n  or  zrCBr.CBrzz  the  ketone  only  is 
formed.  Hence  the  pinacones  decompose  very  readily  into 
water  and  the  ketones,  to  which  the  name  of  pinacolines  is 
given.  The  formation  of  the  ketones  is  seen  in  the  following 
equations : 

CH3  CH3  CH„  CH, 

COH  CH 

I  =  I  +    HP 

CH.OH  CO 

I  I 

CH3  CH, 

CH3  CH3  CH, 

\  /  I     ' 

COH     =  CH3— C-CH3 
I  I  +    H,0. 

COH  CO 

/\  I 

CH3  CH3  CH3. 

^  Eltekow,  Jouni.  Runs.  Chem.  Ges.  x.  211. 
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458  Ethereal  Salts  of  the  Dyad  Radicals.  It  has  already  been 
stated  that  the  olefines  readily  combine  with  chlorine  and 
bromine  and.  less  easily,  with  iodine  to  form  the  haloid  ethers, 
amongst  which  also  ethereal  salts  are  known,  such  as  ethylene 
chloriodide,  CgH^ClI,  obtained  by  the  union  of  ethylene  and 
chlorine  moniodide.  Haloid  ethers  of  dyad  radicals  are  also 
formed  by  the  action  of  chlorine  or  bromine  on  the  chlorides 
or  bromides  of  the  monad  radicals  and  these  are,  therefore, 
the  second  substitution-products  of  the  paraffins.  The  com- 
pounds thus  obtained  are  some  of  them  identical  with  and 
others  different  from  those  obtained  from  the  olefines.  Thus, 
for  instance,  ethane  yields  ethidene  chloride,  CH3.CHCI2,  iso- 
meric with  ethylene  chloride,  but  propane  yields  propylene 
chloride,  CH3.CHCI.CH2CI  (Schorlemmer). 

Bodies  isomeric  with  the  ethereal  haloid  salts  are  formed  by 
the  action  of  phosphorus  pentachloride  or  phosphorus  bromide 
on  the  aldehydes  and  ketones.  Acetaldehyde  or  ethidene  oxide 
yields  ethidene  chloride,  and  ordinary  acetone,  or  dimethylme- 
thylene  oxide  yields  dimethylmethylene  chloride,  CH3  CGlg.CHg. 

Other  compounds  may  easily  be  obtained  from  the  haloid 
ethers  by  double  decomposition.  As  these  reactions  are  analo- 
gous to  those  yielded  by  the  haloid  ethers  of  the  monad  radicals 
it  is  not  necessary  to  enlarge  on  this  subject  here.  Only  one 
point  must  be  mentioned,  namely  that  the  haloid  ethers  which 
are  derived  from  aldehydes  or  ketones,  cannot  be  converted 
into  alcohols,  although  they  can  be  converted  into  ethers  or 
ethereal  salts.     Thus,  for  instance,  aldehyde  yields  : 

Ethidene  Diethyl  Oxide.  Ethidene  Diacetate. 

CH3.CH(0CoH,),  CHg-CHCOG^HgO). ; 

but  if  we  attempt  to  convert  the  last  named  body  into  the 
corresponding  alcohol,  aldehyde  is  again  formed.  It  appears, 
however,  not  unlikely  that  ethidene  alcohol  and  its  homologues 
do  exist  in  aqueous  solution ;  for  if  aldehyde  be  mixed  with  water 
an  evolution  of  heat,  and  contraction  takes  place,  facts  which 
seem  to  indicate  the  occurrence  of  the  following  reaction : 

CH3  CHO  +  H2O  =  CH3.CH(OH)2. 

This  is  rendered  probable  by  another  circumstance,  namely 
that  the  aqueous  solution  of  aldehyde  boils  higher  than  the  pure 
compound  (see  part  i.  p.  477).    As,  however,  water  and  aldehyde 
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may  be  completely  separatad  by-  fractional  distillation,  or  by 
mesns  of  calcium  chloride,  there  is  no  doubt  that  ethidene 
alcohol,    if    it   exists   at    all,    must    be  a  very  unstable  body. 

Although  alcohols  containing  two  or  more  hydroxyls  in 
contact  "with  the  same  carbon  atom  have  not  been  prepared  in 
the  pure  state,  the  substitution-products  of  such  compounds  are 
known.  Of  these  we  have  chloral  hydrate,  C0l3CH(OH)2, 
which  has  already  been  mentioned,  and  will  hereafter  be 
described  as  trichlorethidene  glycol. 

According  to  theory  the  compounds  of  the  dyjid  radicals  are 
more  numerous  than  those  of  the  monad  ones,  not  only  because 
in  the  first  place  a  much  larger  number  of  cases  of  isomerism 
may  occur,  but  also  because,  in  addition  to  the  simple  com- 
pounds, that  is  those  which  contain  two  similar  atoms  or  radi- 
cals, a  large  number  of  mixed  compounds  may  exist  in  which 
two  different  atoms  or  radicals  are  present.  Several  examples 
of  this  kind  have  already  been,  and  others  will  hereafter  be, 
mentioned. 
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71      2n      3 

459  It  has  already  been  stated  that  these  monobasic  acids, 
called  the  lactic  series,  from  the  long  well  known  body  lactic  acid, 
are  obtained  by  the  moderate  oxidation  of  those  glycols  containing 
an  hydroxyl  in  the  primary  position.  They  may  be  more  easily 
and  simply  obtained  by  replacing  the  halogen  in  the  mono- 
substituted  fatty  acids  by  hydrcxyl,  and  hence  they  are  also 
termed  the  hydroxy-  or  oxy-acids.  Thus  for  example,  glycollic 
or  oxyacetic  acid  is  obtained  by  boiling  an  aqueous  solution  of  a 
monochloracetate  with  an  excess  of  water : 


HCl. 


In  a  similar  way  ct-monobrompropionic  acid  is  converted  into 
lactic  acid  : 

a-Brompropionic  Acid.  Lactic,  or  a-Oxypropionic  Acid 

GH3  CH„ 

I  I 

CHBr  CH.OH 

I  I 

CO2H  CO^H, 


CH„CI 

CH„.OH 

1 

+ 

I-I^O     = 

=             1 

CO^H 

CO^H 
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The  acids  of  tins  group  may  also  be  obtained  synthetically  in 
a  variety  of  ways  : 

(1)  Their  nitrils  are  formed  by  the  direct  combination  of  an 
aldehyde  with  hydrocyanic  acid,  and  these  are  readily  decom- 
posed into  the  oxyacid  by  heating  with  a  dilute  mineral  acid. 
Thus  from  acetaldehyde,  lactic  is  prepared  : 

CH, 
CH3  I     ' 

I  -h  HCN  =        CH.OH 

CHO  I 

CN. 

CH3  CH3 

CH.OH    +     2H2O     +    HCl    =    CH.OH    +     NH.Cl 

ON  CO.OH. 

(2)  The  ketouGo  behave  in  an  exactly  similar  way  to 
the  aldehydes.  Thus  acetone  yields  oxjisobutyric  acid, 
(CH3)2C(OH)C02H,  and  this  may  also  be  easily  obtained  from 
monobrom-isobutyric  acid. 

(3)  The  nitrils  of  the  oxyacids  are  also  formed  by  heating  the 
chlorhydrin  with  potassium  cyanide.  Ethylene  chlorhydrinthns 
yields  a  nitril  from  which  ethylene  lactic  acid  can  be  obtained,  a 
body  isomeric  with  ordinary  lactic  acid  or  ethidene  lactic  acid  : 

Ethylene  Cyanhydrate.  Ethylene  Lactic  Acid . 

CH,.OH  CH2.OH 

CH  CH2 

I  I 

CN  CO.OH. 

(4)  Ethereal  salts  of  the  oxyacids  are  also  formed  when  a 
normal  ether  of  oxalic  acid  is  treated  with  the  zinc-compound  of 
an  alcchol-radical,  or  heated  with  zinc  and  the  corresponding 
iodide,  the  product  of  the  reaction  being  treated  with  water.^ 
Thus  for  example  the  methyl  ether  of  oxyisobutyric  acid  is 
obtained  by  the  following  reactions  : 

CH3  CH3 

C0.0CH3  \  / 

(a)      I  +     Zn(CHg)2    =    CO.ZnOCHj 

CO.OCH3  I 

CO.OCH3. 

^  Frankland  and  Duppa,  Proc,  Roy.  Soc.  xiii.  140. 
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CH3  CH3  CH,  CHo 

(h)  CO.ZnOCHs  +  2H2O  =  CO.H  +  HO.CH3  +  Zn(0H)2. 

CO.OCH3  CO.OCH3 

The  oxyacids  are  a.t  once  alcohols  and  monobasic  acids,  and 
therefore  exhibit  the  properties  of  both  groups.  When  they 
are  heated  with  the  hydracids  of  the  chlorine  group  their  haloid 
ethers  or  monosubstituted  fatty  acids  are  formed  : 

CHo.OH  CH,Br 

I  +     HBr     =        I      "  +     H2O. 

CO^H  CO^H 

This  reaction  is  in  exact  correspondence  to  that  which  occurs 
by  the  action  of  hydrobromic  acid  on  alcohols.  The  moniodo- 
acids,  formed  in  an  analogous  way,  are  reduced  to  fatty  acids  if 
a  sufficient  quantity  of  hydriodic  acid  be  present : 


GH,I 

CH3 

1            +     HI     = 

=      1          + 

I, 

CO,H 

CO,H 

If  lactic  acid  be  heated  with  ethyl  a,lcohol,  ethyl  lactate  is 
obtained,  a  neutral  liquid  which  is  also  an  alcohol,  and  there- 
fore contains  one  atom  of  hydrogen  replaceable  by  sodium. 
If  the  sodium  compound  be  treated  with  ethyl  iodide  diethyl 
lactate  is  formed,  a  neutral  liquid  which  is  decomposed 
by  caustic  potash  with  formation  of  potassium  ethyl-lactate. 
From  this  salt  ethyl-lactic  acid  itself  can  be  obtained  and  this 
is  isomeric  with  ethyl  lactate,  but  differs  from  it  widely,  in- 
asmuch as  it  is  as  powerful  an  acid  as  lactic  acid  itself.  The 
constitution  of  these  ethers  and  compound  ethers  is  shown  in  the 


ing  formulae  : 

Ethyl  Lactate. 

CH3 

Diethyl  Lactate. 

CH3 

Ethyl  Lactic  Acid. 

CH3 

CH.OH 

CH.OC,H, 

CH.OC,H, 

CO.OC^Hg 

CO.OC„H, 

-1       t> 

CO.OH. 

As  the  acids  of  this  group  are  at  once  alcohols  and  acids, 
they  may  unite  with  themselves  to  form  ethers,  two  molecules 
acting  upon  one  another,  one  acting  as  the  acid  and  the  other 
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as  the  alcohol.  On  heating  lactic  acid  the  following  reaction 
takes  place : 

CH3  CH, 

I  I 

CH.OH  CO.  OH  CH.O.CO  +    H„0 

I  +1=11 

CO.OH  CH.OH  CO.OH  CH.0H 

CH3  CH3. 

The  body  thus  obtained,  is  at  once  an  ethereal  salt,  an  alco- 
hol and  an  acid,  and  on  further  heating,  gives  up  water  and  is 
converted  into  a  compound  which  is  only  an  ethereal  salt : 

CH„  CH, 

I  I 

CH.O.CO  CH.O.CO 

I  I  =      I         I        +    H,0 

CO.OH  CH.O.H  CO.O.CH 

I  I 

CH3  CH3. 

Concentrated  nitric  acid  acts  upon  the  oxyacids  in  a  similar 
way  as  upon  the  alcohols,  a  nitric  ether  being  formed.  Lactic 
acid  thus  yields  so-called  nitro-lactic  acid  : 

CH3 

CH.NO, 

I 
CO.OH. 

Heated  with  phosphorus  pentachloride  two  hydroxyls  of  the 
acid  are  replaced  by  chlorine,  compounds  being  formed  which  are 
at  once  alcoholic  chlorides  and  acid  chlorides.  From  lactic  acid 
lactyl  chloride,  CH3.CHCI.COCI,  is  obtained  which  on  treatment 
with  water  is  decomposed  into  hydrochloric  acid  and  a-chlor- 
propionic  acid. 

460  The  Aviido-acids  are  formed  by  the  action  of  ammonia 
on  the  monosubstituted  fatty  acids.  Thus  chlorpropionic  acid 
is  converted  into  amidacetic  acid  : 


+     HCl. 


This   reaction   is   analogous  to  that  of  the  formation   of  the 
amines  from  the  haloid  ethers,  and  as  in  that  case  so  also  in  this 


CH„C1 

CH2.NH2 

1              + 

NH3     - 

1 

CO^H 

COjH 

18  COMPOUNDS  CONTAINING  DIATOMIC  EADICALS. 

the  reaction  easily  passes  beyond  this  point,  diglycolamidic  and 
triglycolamidic  acids  being  formed  together  with  giycolamidic 
cicid. 

The  amido-acids  are  perfectly  neutral.  They  combine,  how- 
ever, like  the  compound  ammonias,  with  acids,  and,  at  the  same 
time,  contain  one  atom  of  hydrogen  capable  of  replacement  by 
a  metal.  As  these  acids  are  at  the  same  time  bases  they  may 
more  properly  be  considered  as  being  ammonium  salts,  and  the 
constitution  of  the  amido-acids  may,  therefore,  be  represented 
by  the  following  formulas  : 

CH2.TNH3  CH2(NH3)O.CO 

II  or       I  'I 

CO.O  C0.0(NH3)CH,. 

The  latter  of  these  appears  to  be  the  more  probable,  as  amido- 
acetic  acid  forms  two  salts  with  hydrochloric  acid,  whose  consti- 
tution is  most  simply  represented  by  the  following  : 

CH2.NH3CI  CHgCNHg)   .0     CO 

I  I  I 

CO.OH  CO.OH  (C1NH3)CH2. 

Metals  which  form  powerful  bases  yield  salts  which  have  an 
alkaline  reaction  as  they  are  at  the  same  time  amines ;  thus,  for 
example,  potassium  amido-acetate,  CH2(NH2)C02K. 

The  amido-acids  also  form  compounds  with  salts,  constituting 
a  peculiar  class  of  double  salts,  such  as  : 

CH2.NH3NO3 

CO.OK. 

461  Amides  of  the  Oxyacids.  These  bodies  are  isomeric  with 
the  amido-acids  and  are  obtained  in  a  similar  way  as  the  corre- 
sponding compounds  of  the  fatty  acid  series.  They  act  as  weak 
bases  but  at  the  same  time  also  as  alcohols.  If,  on  the  other 
hand,  the  hydroxyl  be  replaced  by  the  amido  group,  powerful 
bases  are  formed.  Hence  glycollic  acid  yields  the  foUowino- 
amido  compounds: 

Glypolamide,  Diglycolamide,  or 

or  Oxyacetamide.  Amido-acetamide 

CH2.0H  CH2.NH2 

CO.NH2.  CO.NH^. 
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The  above  examples  suffice  to  show  the  double  character  of 
the  oxyacids.  They  are  at  once  monobasic  acids  and  alcohols. 
Like  the  latter  they  may  be  divided  into  primary,  secondary,  and 
tertiary  compounds,  and  on  oxidation  they  comport  themselves 
exactly  in  a  similar  way  to  the  corresponding  simple  alcohols. 

It  may  also  be  mentioned  that  the  aldehydes  of  these  acids  are 
known,  as  also  aldehydic  acids  a.nd  ketonic  acids,  these  being 
monobasic  acids  which  at  the  same  time  are  aldehydes  or  ketones. 
These  will  be  mentioned  under  the  special  headings. 
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462  These  acids  contain  the  carboxyl  group  twice,  and  hence 
they  are  related  to  the  primary  glycols  as  the  fatty  acids  are  to 
the  primary  alcohols. .  They  are  therefore  formed  by  oxidation  of 
these  glycols  as  well  as  of  those  oxyacids  ia  which  the  alcoholic 
hydroxyl  is  contained  in  the  primary  position : 

Ethylene  glycol.  GlvcolHc  Acid.  Oxalic  Acid. 

CH2.OH"  OH2.OH  CO.OH 

CH^.OH.  CO.OH.  CO.OH. 

They  can  be  prepared  synthetically  by  a  variety  of  methods. 

(1)  Their  nitrils  are  formed  when  the  haloid  ethers  of  the 
olefines  are  heated  with  potassium  cyanide.  By  the  action  of 
caustic  potash  or  a  mineral  acid  on  these,  the  liomologous  acids 
are  obtained  of  the  series  of  which  oxalic  acid  is  the  first  term. 

Ethylene  can  thus  be  easily  converted  into  succinic  acid : 

Succiuo-iiitril.  Succinic  Acid. 

CN  CO.OH 

I  I 

CH„  CH2 

I  +    4H2O     =      I  +     2NH3 

CH„  CH„ 

I  I 

CN  CO.OH. 

When  a  solution  of  the  potasium  salt  of  succinic  acid  is 
electrolysed,  ethylene,  carbon  dioxide,  and  water  are  formed  : 
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The  higher  homologues  are  decomposed  in  an  analogous  way, 
the  corresponding  olefines  being  produced. 

(2)  The  halogen  in  the  monosubstituted  fatty  acids  may  be 
replaced  by  cyanogen,  compounds  being  formed  which  are  at, 
once  monobasic  acids  and  nitrils,  and  these  may  be  converted,  by 
well  known  reactions,  into  the  dibasic  acids  : 

a-Brompropionic  Acid.         a-Cyanpropionic  Acid.  Iso-snccinic  Acid. 

CH3  CH3  CH3 

I  I  I 

CHBr  CH.CN  CH.CO^H 

CO^H.  CO,H.  CO2H. 

(3)  The  dibasic  acids  may  also  be  obtained  from  the  simple 
iodated  fatty  acids  by  heating  with  finely  divided  silver : 

)3-IodpropioTiic  Acid.  Adipic  Acid. 

CO^H  CO,H 

I  I 

+       2Ag       =        I  +     2AgI. 

CHJ  CH2 

I  I 

CO2H  COgH 

a-Brompropionic  acid  is  converted  by  the  same  reaction  into 
dimethyl-succinic  acid,  C02H.CH(CH3).CH(CH3).C02H, 

(4)  The  synthetic  preparation  of  these  acids  by  means  of  the 
aceto-acetic  ether  reaction  is  of  special  importance,  being 
capable,  as  the  following  examples  show,  of  general  applicability. 
By  the  action  of  ethyl  clilorcarbonate  on  sodium  aceto-acetic 
ether,  aceto-malonic  eihcr  is  obtained  : 


+     NaCl. 


If    ethyl   monochloracetate    be   employed,    the    homologous 
aceto-succinic    ether    is    produced  ;    and    the    ethyl     ether    of 


CH3 

CH3 

GO 

1             +    CI.CO2.C2H,    = 
CHNa 

CO 
CH.CO2.C2H6 

CO,.CA 

CO,.C,H, 
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a-brompropionic  acid  yields  the  acetic  ether  of  ^yTotartaric  acid 
or  methyl-succinic  acid.  This  latter  ether  is  also  obtained  from 
sodium-methyl-aceto-acetic  ether  and  ethyl  chloracetate  as  well 
as  when  one  atom  of  hydrogen  in  aceto-succinic  ether  is  replaced 
by  sodium  and  the  compound  thus  obtained  treated  with  methyl 
iodide. 

Concentrated  potash  decomposes  these  ethers  in  a  similar  way 
to  aceto-acetic  ether : 

CO.OC^Hg  CO.  OK 

CH2  CH2 

I  +  3K0H    =      I       +CH3.CO.OK  +  2HO.C2H,. 

CH.CO.CH3  CHo 

I  I 

GO.OC2H5  CO.OK 

Diluted  caustic  potash  or  baryta- water  on  the  other  hand 
chiefly  yields  a  ketonic  acid  : 

CH3  CH3 

CO  CO 

CH— CO.OC^Hg  +  3K0H  =  CH^  +  COCOK)^  +  2HO.C2H5 

CH„  CII, 

i  I 

GO.OC2H5  CO.OK. 

In  this  way  Methyl-ketone-propicnic  Acid,  or  a-Acetcpropionic 
acid,  is  produced. 

(5)  A  no  less  important  method  is  that  in  wliich  malonic  acid, 
CH2(C02H)2,  is  the  starting  point.^  If  the  ethyl  ether  of  this 
acid  be  treated  with  a  solution  of  sodium  ethylate,  sodium- 
malonic  ether,  CHNa(C02C2H5)2,  is  obtained,  and  in  this  the 
metal  may  easily  be  replaced  by  an  alcohol  radical  when 
presented  in  the  form  of  iodide : 

C0.0C„H5  CO.OCoH, 

I  I 

CHNa  +     ICH2.CH3     =     CH.CH2.CH3     +     Nal. 

CO.OCoHg  CO.OC2H5 

^  Conrad,  Ann.  Ckem,  Pharm,  cciv.  127. 
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One  atom  of  hydrogen  in  the  ethyl-malonic  ether  thus  formed 
can  again  be  replaced  by  sodium,  and  the  latter  by  an  alcohol 
radical.  If  ethyl  be  again  introduced,  the  ethyl  ether  of  diethyl 
malonic  acid  is  formed,  an  acid  having  the  following  constitution  : 

CO.OH 

I 
CO.OH 

The  salts  and  the  free  acid  can  readily  be  obtained  from  the 
ethyl  ether. 

The  acids  of  the  oxalic  series,  as  they  are  named  from  their 
first  term,  can  be  prepared  in  many  other  "ways,  as  by  oxidizing 
the  defines  with  permanganic  acid,  when  to  begin  with  the 
fatty  acids  are  formed,  and  then  the  methyl  group  converted 
into  carboxyl. 

They  are  also  obtained  by  oxidizing  fatty  acids  with  nitric 
acid,  and,  therefore,  may  be  obtained  from  the  monatomic  alco- 
hols and  fats.  Thus  butyric  acid  yields  succinic  acid.  In  the  case 
of  the  higher  members  of  the  series,  the  dibasic  acid  is  easily 
further  oxidized  into  one  or  more  of  its  lower  homolog-ues. 

The  acids  of  the  series  CnH2ii-202  and  CnH2n-402  are  also 
converted  by  nitric  acid  into  dibasic  acids. 

The  acids  of  this  group  are  solid  at  the  ordinary  temperature, 
more  or  less  soluble  in  water,  and  when  pure  the}''  crystallize 
well.  At  a  higher  temperature  they  decompose.  Those  which 
contain  the  two  carboxyls  connected  with  two  different  carbon 
atoms  are  resolved  into  an  anhydride  and  water  ;  thus  succinic 
acid  yields  succinic  anhydride  : 


CH2.CO.OH  CH2.CO 


\ 


0     -f     H,0. 


CH2.CO.OH  CH2.G0^  ' 

Oxalic  acid  is  an  exception  to  this  rule,  as  it,  on  heating,  partly 
sublimes  as  unaltered  acid  and  is  partly  decomposed  into  formic 
acid  and  carbon  dioxide.  An  analogous  decomposition  occurs  in 
the  case  of  all  the  homologues,  such  as  malonic  acid,  isosuccinic 
acid,  &c.,  in  which  the  carboxyls  are  linked  to  one  carbon  atom : 


CO2H 


CH3 


CH,      -       I  +     COo. 

!  CO,H 

C02H 
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OR 


CH. 


CH— CO.H     =    CH,     +    CO. 


COoH 


CO.H 


It  is  unnecessary  to  mention  in  detail  the  other  chemical 
reactions  of  these  acids.  Being  dibasic  they  form  two  series  of 
ethers  and  of  amido-compounds,  as  well  as  other  compounds  both 
simple  and  mixed.     The  following  serve  to  illustrate  this  : 


Ethyl 
Oxalate. 

CO.OC2H5 


C0.OC2H5. 

Succinamide. 


Ethyl-oxalic 
Acid. 

CO.OH 
CO.OC^H,. 

Succinamio  Acid, 


Ethyl-oxalyl 
Chloride. 

COCl 


CO.OC^Hg. 


Succinimide. 

p  jr  /CO.NH2        p  ^  /CO.OH         p  „  /CO\ntt 
^2«4\co.NH2  *     ^2^4\co.IS[H2        '^2^4\co/^^^- 

In  each  of  the  normal  acids  of  this  series,  the  melting- 
point  decreases  with  every  increase  of  CHg  when  the  body 
contains  an  even  number  of  carbon  atoms.  In  the  case  of  those 
containing  uneven  numbers,  on  the  other  hand,  the  melting- 
point  of  the  acids  increases  with  the  increment  CHg,  but  it 
always  remains  lower  than  that  of  the  acid  next  following  which 
contains  an  even  number  of  carbon  atoms  : 


M.P. 

Succiaic  acid, 

C,H,0, 

180° 

Glutanic  acid, 

C.H^O, 

•97 

Adipic  acid, 

CA0O4 

148 

a-Pimelic  acid. 

C,H,,0, 

100 

Suberic  acid, 

CsHi.O, 

130 

a-Azelaic  acid. 

C,H,„0, 

117 

Sebacic  acid, 

C^ioHisO* 

127 

Brassic  acid. 

C11H20O4 

108 

It  has  however  not  yet  been  ascertained  whether  the  two  last 
named  acids  belong  to  the  normal  series. 
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463  The  radical  mefhylene  or  methene,  CHg,  appears  incapable 
of  existing  in  the  free  state.  Various  chemists  have  endeavoured 
to  prepare  it,  but  in  vain.  Perrot  passed  methyl  chloride 
through  a  red-hot  tube  and  obtained  hydrochloric  acid  and 
ethylene  together  with  other  products.^  Butlerow  lias  moreover 
shown  that  it  is  not  produced  by  the  action  of  sodium  or  potas- 
sium on  methylene  iodide  (di-iodomethane),^  for  on  heating 
this  latter  compound  with  copper  and  Water  to  100°  he  obtained 
carbon  monoxide,  carbon  dioxide,  marsh  gas,  and  ethylene,  with 
some  of  its  higher  homologues.^ 

Hence  it  would  appear  that  methylene  in  the  nascent  state 
combines  with  itself  forming  chiefly  ethylene  or  dimethylene. 
This  fact  is  a  further  confirmation  of  the  conclusion  that  the 
hydrocarbons  contain  neither  a  dyad  atom  of  carbon  nor  free 
combining  units  (see  p.  5). 

Although,  however,  the  Lee  radical  methylene  is  unknown, 
many  of  its  compounds  have  been  prepared,  of  which  some, 
such  as  the  haloid,  ethers,  &c.,  have  already  been  described,  being 
formed  by  the  replacement  of  two  atoms  of  hydrogen  in  methane 
by  the  elements  of  the  chlorine  group  or  by  radicals  (see 
part  i.  p.  253). 

The  oxide  of  methylene  is  formyl  aldehyde,  and,  as  has 
been  stated,  its  aqueous  solution  probably  contains  methyl 
glycol,  CH(0H)2,  a  body  not  known  iu  the  free  state,  and 
probably  not  capable  of  a  separate  existence  (part  i,  p.  268). 

Of  the  other  methyl  compounds  the  following  may  be 
mentioned  : 

Methylene  Dimethyl  Ether,  or  Methylal,  CH2(OCH3)2,  is  formed 
together  with  formic  acid  and  methyl  formate,  when  wood-spirit 
is  oxidized  with  manganese  dioxide  and  dilute  sulphuric  acid.* 

^  Ann.  Clmn.  PJv/s.  [3],  xlix.  94;  Ann,  Chem.  Pharm.  ci.  376. 

^  Ann.  Chem.  Pharm.  cxi.  250.  3  jh.  cxx.  356. 

**  Malaguti,  Ann.  Chim.  Phys.  [2],  Ixx.  390  ;  Anv.  Chcm.  Pharm,  xxxii.  55. 
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In  order  to  explain  the  formation  of  this  body,  >ve  may  assume 
that  the  methyl  alcohol  is  first  oxidized  to  methylene  glycol,  and 
that  this  is  then  acted  upon  by  the  excess  of  wood-spirit  as 
follows  : 

CH,|  g|  +  2HO.CH3  =  CH,  {  ^g^J  +  211,0. 

Methylal  is  an  aromatic  smelling  liquid  boiling  at  42°,  and 
having  at  18°  a  specific  gravity  of  0  855,  that  of  its  vapour 
being  2625.  It  dissolves  in  three  parts  of  water,  and  is  con- 
verted, on  further  oxidation,  into  formic  acid. 

Methylene  Thiocyanate,  CH2(SCN)2,  is  formed  by  heating 
alcoholic  solutions  of  methylene  iodide  and  potassium  thiocyanate. 
It  crystallizes  in  fine  prisms  melting  at  102°,  and  scarcely  soluble 
in  cold,  though  tolerably  soluble  in  boiling  water,  and  im- 
parting to  steam  a  pungent  smell,  the  vapours  acting  violently 
on  the  mucous  membrane.  Nitric  acid  oxidizes  it  to  methylene 
disulphonic  acid  (see  ptirt  i.  p.  264). 

Methylene  Acetate,  CH2(OC2H30)2,  is  formed  by  heatinf^ 
methylene  iodide  with  silver  acetate.  It  is  an  oily  liquid 
boiling  about  170°,  and  having  a  strong  aromatic  pungent  taste 
and  smell.  When  heated  with  water  to  100°  it  is  converted  into 
acetic  acid  and  paraformaldehyde.^ 

Methylene   Aceto-viethyl-Oxide,   CHg  \  Qp  tt  r\'      Monochlor- 

inated  methyl  oxide  may  be  regarded  as  the  methyl  ether  of  the 
unknown  methylene  chlorhydrin.  It  is  easily  decomposed  by 
potassium  acetate  as  follows  : 

CH,  I  gp^3  +  K0.C,H30  =  CH,  {  Q^^Q  +  KCl. 

The  acetate  thus  obtained  is  a  liquid  boiling  at  117° — 118°.^ 

f  CI 

Methylene  Acetochloride,  or  Methylene  Chloracetin,GIl^<  ^p  tt  p 

is  the  first  product  of  the  action  of  chlorine  on  methyl  acetate. 
It  is  a  mobile  liquid  possessing  a  suffocating  pungent  smell,  and 
a  burning  taste  It  boils  at  115° — 116°,  and  at  14°  has  a  specific 
gravity  of  1*1953,  and  is  converted  on  heating  with  sodium 
acetate  into  methylene  acetate.^ 

^  Butlerow,  Ann.  Ohem.  Pharm.  cvii.  Ill  ;  cxi.  245. 

^  Friedel,  OoTnpt.  liend.  Ixxxiv.  247. 

^  flenry,  /?cr.  Deuisch.  Chem.  Gcs.  \i.  739. 
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464  Hexmethylenamine,  (GR.^q^^,  was  prepared  by  Butlerow^ 
by  acting  with  dry  ammonia  on  paraformaldehyde.  It  is  also 
formed  in  an  analogous  way  from  monochlormethyl  oxide  and 
other  methylene  compounds.  It  is  easily  soluble  in  water,  and 
with  difficulty  in  cold  alcohol,  crystallizing  from  hot  saturated 
solution  in  glistening  rhombohedrons  or  short  prisms  which 
begin  to  sublime  at  100",  evolving  an  unpleasant  smell  like 
mice  and  salt-fish.  Hexmethylenamine  has  an  alkaline  re- 
action and  is  a  monacid  amine.  Its  salts  crystallize  in  long 
needles  and  yield  the  compound  (Q^^^^,OYR\yiG\  with 
platinum  chloride,  which  is  almost  insoluble  in  water.  Hex- 
methylenamine is  formed  by  the  replacement  in  two  molecules 
of  paraformaldehyde  or  trioxy methylene  of  six  atoms  of  oxygen 
by  four  atoms  of  nitrogen.  It  has,  therefore,  probably  the 
following  constitution  : 


CH2    CH2    CHg 


N 

/  \ 
CII.      CH 


/ 


N 


N 


\ 


\ 


CH. 


By  the  action  of  ethylamine  on  methylene  oxide  a  base  is 
formed  having  the  composition  N2(CH2)2(C2H5)2  or  I^4(CH2)4 
{CgHg)^.  It  is  an  oily  liquid  whose  salts  do  not  crystallize,  and 
■even  the  platinichloride  which  has  the  composition  ^^^^{C^^,^^ 
,(C2H5)2HCl  +  PtCl4,  is  uncrystallizable. 

If  methylene  iodide  be  heated  with  triethylamine  to  100°  an 
iodide,  N  (C2H5)3(CH2l)I,  is  formed,  crystallizing  in  fine  tetragonal 
'tables.  That  the  compound  has  the  above  constitution  is  proved 
l)y  the  fact  that  silver  acetate  only  removes  one  half  of  the  iodine. 
When  its  solution  is  treated  with  silver  chloride,  and  platinic 
■chloride  added  to  the  evaporated  liquid,  the  tolerably  soluble 
isalt  2N(C2H5)3(CH2l)Cl  +  PtCl^  is  formed,  crystallizing  in 
splendid  octohedrons.     The  free  base  is  not  known. ^ 

^  Ann,  Chem.  Pkarm.  cxv.  322  ;  Hofinmm,  Ber.  Beutscli,  Chcm.  Gcs.  ii.  153, 
2  Julie  Leriiiontoff,  Ik-r.  Deutsch.  Chevi.  Gcs.  vii.  1252. 
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ETHYLENE,  CgH^. 

465  Becher  appears  to  have  been  the  first  to  observe  that  a 
combustible  vapour  is  given  off  by  the  action  of  sulphuric  acid 
upon  alcohol.  In  his  Physica  suhterranea  he  says :  ''Uvidens  de- 
monstratio  ignis  est  in  spiritit  vini  et  oleo  vitrioli,  utroque  lorohe 
rectificato.  Quam  primum  enim  confunduntuVj  ignem  co7icipiunt^ 
qui  vase  obstritdo  extingidtuVy  wperto  tutsus  inccnditiir" 

These  remarks  can  only  apply  to  a  combustible  gas,  or  to  the 
vapour  of  ether  ;  and,  although  he  does  not  mention  it,  there  can 
be  little  doubt  that  there  ^vas  a  flame  in  the  neighbourhood. 

The  next  information  we  possess  concerning  a  combustible 
gas  produced  ia  this  way,  is  given  by  Ingenhouss,^  who  states 
that  he  saw  such  a  gas  evolved  in  the  house  of  a  certain  Enee 
in  Amsterdam.  It  was  then  considered  to  be  identical  with  the 
so-called  inflammable  air.  and  was  thought  to  be  a  gnod  kind  of 
this  air,  because  when  burnt  with  ordinary  air  it  exploded  so 
violently.  This  view  was  held  by  Deimann  and  Paets  van 
Troostwyk  in  1781,  who  together  with  Bondt  and  Lauwerenburgh 
examined  the  properties  of  this  gas  more  thoroughly  in  1795. 
They  showed  that  it  consists  only  of  carbon  and  hydrogen  and 
approximately  determined  its  specific  gravity.^  They  found  that 
it  unites  Avith  chlorine,  yielding  an  oily  compound,  and  they 
named  it  gas  huileux,  a  designation  which  was  afterwards  changed 
by  Four^roy  to  defiant  gas. 

That  this  body  is  a  substance  differing  from  marsh  gas,  was 
first  shown  by  W.  Henry  of  Manchester,  and  his  view  was 
soon  supported  by  the  investigations  of  Dslton,  Humphry 
Davy,  Berzelius.  and  others. 

^  Priestley,  Ohservattons  and  Experhncnts  Ilelaiing  to  X'^arlous  Branches  of 
Natural  Philosophy^  i.  1779. 

2  Crell.  Ann.  1795,  2,  195,  .^10  and  430. 
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As  these  two  were  the  only  hydrocarbons  know^n  at  that  time 
they  were  distinguished  as  light  and  heavy  carhicretted  hydrogen, 
whilst  Berzehus  gave  to  the  latter  the  name  oi  Elayly  as  it  plays 
the  part  of  a  compound  radical. 

It  has  already  been  stated  in  the  introduction  to  the  organic 
portion  of  this  treatise  that  for  some  time  a  belief  prevailed  that 
the  laws  of  combination  in  const:int  and  multiple  proportion  do 
not  hold  good  in  the  case  of  organic  compounds,  and  hence  it 
appears  remarkable  that  it  was  by  the  investigation  of  the  com- 
position of  two  organic  bodies,  namely  marsh  gas  and  olefiant 
gas,  that  Dalton  was  led  to  the  establishment  of  these  very 
laws,  and  thence  to  his  atomic  theory. 

The  four  Dutch  chemists  above  named  prepared  ethylene  by 
heating  strung  alcohol  with  three  to  four  parts  of  sulphuric  acid. 
In  this  case,  a  tolerably  pure  gas  is  evolved  to  begin  with,  mixed, 
however,  with  the  vapour  of  alcohol  and  ether,  which  impurities 
can  be  removed  by  passing  the  gas  through  concentrated 
sulphuric  acid.'^  It  may  also  contain  carbon  dioxide  mixed  with 
it,  and  this  may  be  easily  removed  by  caustic  potash.  At  a 
later  period  of  the  decomposition  sulphur  dioxide  and  carbon 
monoxide,^  and  probably  also  marsh  gas,^  are  given  off,  the  black 
mass  frothing  strongly  and  passing  out  of  the  flask.  In  order  to 
prevent  this,  at  Wohler's  ^  suggestion,  sand  is  added  to  the  liquid 
until  a  thick  pasty  mass  is  obtained,  but  this  leaves  a  hard  residue 
which  cannot  be  removed  from  the  vessel  without  bn  akino-  it. 
To  avoid  this,  and  to  obtain  a  pure  gas,  many  other  suggestions 
have  been  made.  Thus  some  time  ago  Magnus  ^  suggested  that 
one  part  of  spirit  of  wine  and  sixteen  parts  of  sulphuric  acid 
should  be  heated,  and  as  soon  as  the  mass  becomes  black  a 
further  addition  of  alcohol  should  gradually  be  made.  According 
to  Mitscherlich  ^  a  mixture  of  three  parts  of  water  and  ten  parts 
of  sulphuric  acid  is  heated  to  its  boiling  point,  which  lies  about 
160° — 165°,  and  the  vapour  of  eighty  per  cent,  alcohol  led  in  at 
this  temperature.  The  gas,  which  is  then  quietly  evolved,  only 
contains  as  impurities  the  vapours  of  water,  alcohol,  and  ether. 

The  method  now  generally  adopted  is  that  suggested  by  Er- 
lenmeyer  and  Bunte,'  or  rather  the  improved  process  suggested 
afterwards  by  Erlenmeyer.®     A  mixture   of  25  grams  of  alcohol 

^  Liebig,  Ann.  Pharm.  xiv.  ]50. 

2  Vogel,  Journ.  J'rakt.  Chcm.  xxv    300. 

3  Faraday,  Bibl  Univ.  lix.  114.  *  Ann.  Ohcm.  Phann.  xci.  127. 
**  Porjg.  Ann.  xlvii.  524.  ^  Ami.  C/iim.  Phifn.  [C)],  vii  12. 
^  Ann.  Chcm.  Pharm.  clxviii.  64.  ^  Ih.  cxcii  244. 
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and  150  grams  of  sulphuric  acid  is  brought  into  a  flask  (Fig.  99) 
of  two  to  three  liters  capacity,  and  this  heated  until  a  rapid 
evolution  of  gas  occurs,  and  at  this  point  a  mixture  of  one  part 
of  alcohol  and  two  parts  of  sulphuric  acid  is  allowed  to  drop 
in,  the  gas  which  is  evolved  being  washed  through  sulphuric  acid 
and  then  through  caustic  soda. 

Gladstone  and  Tribe  found  that  when  their  copper-zinc  couple 
is  brought  in  contact  with  ethylene  bromide  and  water,  pure 
ethylene  is  given  off,  and  in  presence  of  alcohol  this  reaction  is 
brought  about  by  zinc  alone.^     This  last  reaction  may  be  used 


Fig.  99. 


for  lecture  purposes  for  the  quick  preparation  of  small  quantities 
of  ethylene,  but  the  decomposition  must  be  assisted  by  heat.'"" 

It  has  already  been  stated  that  ethylene  is  formed,  together 
with  its  homologues,  in  the  dry  distillation  of  many  organic 
bodies,  and  coal  gas  contains  on  an  average  from  four  to  five 
per  cent. 

The  formation  of  ethylene,  according  to  a  method  pointed  out 
by  Tollens,  viz.  that  of  heating  ethidene  chloride,  CHo.CHGL, 


'  Journ.  Chem.  Soc.  1874,  406. 

2  Sabanejew,  Journ.  Rvss.  Chem.   Ges  ix   33  :  Bcr.  Deutsch.    Chem.   Ges.   ix. 
1810. 
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with  sodium,  is  of  interest.  And  its  production  from  acetylene, 
CgHg,  a  body  which  can  itself  be  obtained  by  direct  union  of 
its  elements,  is  of  importance  as  being  the  first  step  in  the 
synthesis  of  alcohol.  Acetylene  combines  with  nascent  hydro- 
gen to  form  ethylene,  and  this  latter  is  also  formed  when 
di-iodmethane  is  treated  with  water  and  copper,  or  methyl 
chloride  passed  through  a  red-hot  tube. 

466  Pro^perties.  Ethylene  is  a  colourless  gas,  possessing  a  faint 
but  peculiar  and  rather  suffocating  odour  and  having  a  specific 
gravity  of  0'9709  (Th.  Thomson).  It  may  be  condensed  to  a  liquid 
either  by  means  of  pressure  or  by  cooling  it  down  to— 110°  in 
a  mixture  of  ether  and  solid  carbon  dioxide.  Faraday  deter- 
mined the  tension  of  this  liquid,  but  did  not  always  obtain 
constant  results  inasmuch  as  his  different  preparations  of 
ethylene  were  not  perfectly  free  from  marsh  gas>  Its  solubility 
in  water  is  represented  by  the  following :  ^ 

c  =  0-25692  -  0-00913631t  -h  0  OOOlSSlOSt^. 

Alcohol,  of  specific  gravity  0792  at  20°,  dissolves  it  as 
follows : 

c  =  3-59498  -  0-0577l6t  -h  0-0006812t2. 

Ethylene  is  easily  inflammable,  burning  with  a  very  luminous 
flame.  With  air  or  oxygen  it  forms  an  explosive  mixture,  the 
action  being,  of  course,  most  powerful  when  three  volumes  of 
oxygen  are  present  to  one  volume  of  the  gas.  If  ethylene  be 
brought  in  contact  with  strongly  ozonized  oxygen,  a  spontaneous 
detonation  takes  place.  In  order  to  exhibit  this  fact  safely,  a 
current  of  the  hydrocarbon  is  led  through  a  tube  10mm.  in 
diameter  whilst  ozonized  air  is  allowed  to  pass  through  a  narrow 
tube  which  passes  to  the  depth  of  1  cm.  inside  the  wide  one. 
Each  bubble  produces  an  explosion  which  is  usually  accompanied 
by  the  formation  of  a  white  vapour.^  Fuming  nitric  acid  easily 
oxidizes  ethylene  to  oxalic  acid.  Chromic  acid  solution  converts 
it  at  once  into  aldehyde/  the  ethylene  first  combining  with  water 
to  form  ethyl  alcohol,  and  this  undergoing  oxidation.  The  process 
may  be  carried  on  further,  acetic  acid,  and  oxalic  acid,  together 
with  carbon  dioxide  and  formic  acid,  being  produced.^     Concen- 

^  Loc.  cit.  2  Bunsen,  Gasmnetry^  150,  152. 

3  Houzeau  and  Renard,  CompU  Rend..  Lxxvi.  572. 
*  Berthelot,  Com.pt.  Rend.  Ixviii.  334  ;  Ann.  C/iem.  Pharm.  cl.  373 
^  0.  and  F.  Zeidler,  Ann,  Ghent.  PJiarm.  excvii.  240. 
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trated  sulphuric  acid  absorbs  ethylene  with  formation  of  ethyl 
sulphuric  acid  (Faraday,  Hennel ;  see  part  i.  p.  296),  combination 
taking  place  quickly  if  the  two  bodies  be  shaken  together,  and 
still  more  easily  if  the  ethylene  is  passed  into  sulphuric  acid 
heated  to  160°— 170°.i 

Ethylene  combines  with  chlorsulphonic  acid  to  form  ethyl 
chlorosulphabe.  If  it  be  heated  for  some  time  with  hydriodic 
or  hydrobromic  acid  to  100°,  the  corresponding  ethyl-haloid 
ether  is  formed,  but  no  combination  takes  place  under  these 
circumstances  with  hydrochloric  acid.^ 

Ethylene  also  combines  with  hydrogen,  in  the  presence  of 
platinum  black,  to  form  ethane.^ 

467  Ethylene  Boron  Fhooride,  CgH^BFg,  is  formed  when  a  mix- 
ture of  ethylene  and  boron  fluoride,  warmed  to  a  temperature  of 
25° — 30°,  is  exposed  to  sunlight.  It  is  a  fuming  liquid  which 
boils  at  124'' — 125°,  and  at  23°  has  a  specific  gravity  of  1*0478. 
It  burns  with  a  fine  green  flame  and  decomposes  on  contact  with 
water  into  boric  acid  and  a  volatile  pleasantly  smelling  liquid, 
boiling  between  10°  and  15°,  and  burning  with  a  bright  green 
flame.     This  is  probably  ethyl  fluoride.* 

The  existence  of  ethylene  boron  fluoride  is  a  further  proof 
that  in  certain  compounds  boron  can  act  as  a  pentad  element 
(part  i.  p.  448). 

Ethylene  Ferrous  Chloride,  C2H4FeCl2+2H20,  is  formed  when  an 
ethereal  solution  of  ferric  chloride  is  heated  for  some  hours  to 
140° — 150°,  and  the  compound  is  more  easily  obtained  if,  at  the 
same  time,  a  solution  of  phosphorus  in  bisulphide  of  carbon  is 
added.  It  forms  flat  colourless  scales  or  prisms  which  are  easily 
soluble  in  water.^ 

The  corresponding  bromide,  C2H4FeBr2+2H,,0,  is  produced  by 
passing  ethylene  in  the  sunlight  into  a  concentrated  aqueous 
solution  of  ferrous  bromide,  when  pale  green  very  deliquescent 
crystals  are  deposited.® 

Ethylene  Platinous  Chloride,  C2H4PtCl2,  was  discovered  by 
Zeise  ^  in  1831,  and  termed  inflammable  chloride  of  platinum. 
It  is   obtained   by  boiling  alcohol  with  platinic  chloride    and 

^  Berthelot,  Ann.  Cfhim.  Phyt.  [3],  xliii.  385. 

^  Berthelot,  Compt.  Bend,  xliv,  1350  ;  1.  612  ;  Ann,  Ckem.  Pharm,  civ.  184  ; 
cxv.  114. 
^  Wilde,  Ber.  Deufsch.  OJiem.  Ges.  vii.  354. 
*  Landolph,  Ber.  Deutsch.  Chem.  Ges.  xii.  1586. 
■*  Kachler,  Ber.  Deutsch.  Chem.  Ges.  ii.  510. 
«  Chojnacki,  Zeitsch.  Chem.  1870,  420. 
7  Zeise,  Pogg.  Ann.  xxi;  497,  542  ;  xl.  234. 
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evaporating  in  a  vacuum.     Its  formation,  leaving  out  the  by- 
products, is  shown  in  the  following  equation  (Birnbaum)  : 

PtCl,  +  2C2H,0  =  C^H.PtCls  +  C^H^O  +  H^O  +  2HC1. 

It  is  also  formed  when  ethylene  is  passed  through  a  hydro- 
chloric acid  solution  of  platinous  cliloride> 

It  is  a  light  lemon  yellow  powder  difficultly  soluble  in  water,  and 
when  heated  it  burns  rapidly.  When  warmed  with  an  excess  of 
caustic  potash  it  is  converted  into  a  black  powder  which  when 
dry  explodes  on  heating.  From  its  solution  and  that  of  its  double 
salts,  ammonia  precipitates  a  bright  yellow  unstable  compound. 
consisting  of  CaH^PtClg,  MH3,  which  unites  with  hydrochloric 
acid  to  form  ethyl  platinous  ammonium  chloride  or  detonating 
chloride  ofplatinwn,  C2H4PtCl2,  NH^Cl-i-HgO,  a  body  crystalliz- 
ing from  water  in  lemon-yellow  oblique  rhombic  prisms  and 
obtained  easily  by  the  direct  combination  of  sal-ammoniac  with 
ethylene  platinous  chloride.  This  substance  serves  for  the  pre- 
paration of  ethylene  platinous  chloride  in  the  pure  state.  For 
this  purpose  a  concentrated  solution  of  platinic  chloride  is  added 
to  a  concentrated  solution  of  ethylene  platinous  ammonium 
chloride  so  long  as  a  precipitate  of  ammonium  platinichloride  is 
formed,  and  the  filtrate  evaporated  in  a  vacuum  over  sulphuric 
acid. 

Ethylene  Platinous  Potassium  Chloride,  CgH^PtClgKCl  -h  HgO. 
This  resembles  the  ammonium  salt,  and  decomposes  at  about 
200°,  "with  evolution  of  ethylene. 

The  references  at  the  foot  may  be  consulted  for  further  infor- 
mation respecting  these  platinum  ethylene  compounds.^ 


ETHYLENE  ALCOHOL,  OR  ETHYLENE  GLYCOL, 

468  This  alcohol  is  the  first  member  of  the  group  of  alco- 
hols containing  dyad  radica^.s.  It  was  discovered  by  Wurtz  in 
1856  (see  p.  9).  He  obtained  it  by  treating  ethylene  di-iodide 
with  silver  acetate,  and  decomposing  the  ethylene  diacetate  thus 
obtained  with  caustic  potash.^     He  afterwards  employed  ethylene 

^  Birnbaum,  Ann.  Chem,  Pharm.  cxlv.  67. 

2  Martina  and  Griess,  Ann.  Chem.  Pharm.  cxx.   326  ;  Chojnacki,    loc,    cit.  * 
Schiitzen'bergerand  Fontaine,  Bull.  Soc.  Chim.  xviii.  103  ;  Sadtler,  ih.  xvii.  54*.  * 
*  Compt,  Eend.  xliii.  199  ;  Ann.  Chem.  Pharm.  c.  110. 
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dibromide,  a  body  more  readily  obtained,  and  he  decomposed  the 
acetic  ether  with  caustic  baryta.^ 

Atkinson  then  found  that  when  potassium  acetate  is  heated  in 
closed  vessels  to  100°  with  ethylene  bromide  and  alcohol  until  no 
further  potassium  bromide  separates  out,  the  mono-acetate  is 
obtained  according  to  the  following  equation  :  ^ 

This  decompositioQ  also  occurs  when  the  mixture  is  heated  in  a 
flask  with  a  reversed  condenser.^ 

The  mono-acetate  is  afterwards  converted  into  glycol  either 
by  treatment  with  caustic  baryta,  or  by  heating  with  water  in 
closed  tubes.* 

According  to  Erlenmeyer  a  mixture  of  600  grams  of  ethylene 
dibromide,  700  grams  of  fused  potassium  acetate  and  1500 — 1800 
of  alcohol  of  specific  gravity  083,  is  boiled  in  connection  with  a 
reversed  condenser  until  the  liquid  does  not  precipitate  ethylene 
dibromide  on  the  addition  of  water.  The  well-cooled  liquid  is 
then  placed  on  a  vacnum-filtcr  to  remove  the  potassium  bromide, 
and  the  filtrate  submitted  to  distillation.  The  portion  passing 
over  above  140°  is  treated  with  an  excess  of  caustic  baryta  dissolved 
in  the  necessary  quantity  of  water,  and  then  heated  for  twelve 
hours  on  the  water-lath.  The  free  baryta  is  next  precipitated 
by  carbon  dioxide,  and  the  filtrate  evaporated  on  a  water-bath  to 
one-third.  The  residue  is  then  treated  with  a  mixture  of  equal 
parts  of  strong  alcohol  and  ether,  and  the  liquid  poured  off  from 
the  saline  mass  which  is  deposited,  the  residue  being  thrown  on 
to  the  filter  and  washed  with  alcohol  and  ether.  The  solutions, 
which  are  now  mixed  together,  are  distilled  on  a  water-bath  so 
as  to  separate  alcohol  and  ether,  and  the  residual  liquid  subjected 
to  fractional  distillation.  The'portion  coming  over  below  186°  is 
afterwards  concentrated  on  the  water-bath,  and  the  residue, 
united  with  the  higher  portions,  yields  pure  glycol  on  further 
distillation.^  If  strong  alcohol  be  used,  and  only  half  the  theo- 
retical quantity  of  potassium  acetate,  no  monacetate  is  formed, 

1  Ann.  Chim.  Phys.  [3],  Iv.  400. 

2  Phil.  Mag.  [4],  xvi.  433  ;  Ann.  Chem.  PJiarm.  cix.  232. 

-  M.  Simpson,  Proc.  Moy.  Soe.  ix.  725. 

-  Debus,  Ann.  Chem.  Pharm.  ex.  316. 

-  Erlenmeyer,  Ann.  Chem.  Pharm.  cxcii.  244. 
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according  to  Demole,  but  glycol  itself,  and  this  may  then  be 
separated  from  the  imattacked  ethylene  bromide  by  distilla- 
tion.^ This  mode  of  preparation  bas  given  discrepant  results 
in  the  hands  of  different  experimenters,^  and  the  condi- 
tions under  which  the  largest  yield  is  obtained  have  not  been 
determined.^ 

According  to  Hiifner  and  Ze^ler/  glycol  is  obtained  readily  by 
boiling  138  grams  of  pure  potassium  carbonate  with  188  grams 
of  ethylene  bromide  dissolved  in  one  liter  of  water,  with  a 
reversed  condenser,  when  the  following  reaction  takes  place  : 

C^H.Br^  +  np-f  C0(0K)2  =  CaH.COH)^  +  2KBr  +  CO^. 

The  solution  is  then  concentrated  on  a  water-bath,  and  after 
cooling  poured  off  from  the  deposited  potassium  bromide,  the 
crystals  being  brought  on  to  a  filter  pump  and  washed  with 
absolute  alcohol.  From  the  united  solutions  the  ethylene  alcohol 
is  separated  by  fractional  distillation.  In  this  preparation  a 
certain  loss  takes  place  from  the  formation  of  monobromethylene, 
CgH^Br,  and  here,  too,  the  conditions  of  best  yield  have  as  yet 
not  been  exactly  worked  out.^ 

Ethylene  bromide  may  also  be  converted  into  glycol  by  heating 
it  to  170°  in  contact  with  water  and  oxide  of  lead.*^  The  lead 
oxide  may  be  omitted  if  sufficient  water  be  added  to  prevent  the 
formation  of  concentrated  hydrobromic  acid,  and  this  reaction 
takes  place,  though  slowly,  at  140° — 150^^ 

Ethylene  alcohol  is  also  formed  when  a  solution  of  hydrogen 
dioxide  is  allowed  to  remain  for  some  time  in  contact  with 
ethylene.^ 

469  Proiorrties.  Glycol  is  a  colourless  liquid  having  the  con- 
sistency of  a  thin  syrup,  and  possessing  no  smell  but  having  a 
sweet  taste.  It  boils  at  197°-197°-5,  and  at  0°  has  a  specific 
,£jravity  of  1-125,  that  of  its  vapour  being  according  to  Wnrtz 
2164?  at  292°  Ethylene  glycol  is  miscible  with  water  and  alco- 
hol in  all  proportions,  but  is  not  soluble  in  ether.      It  dissolves 

^  Demole,  Ami.  Clion.  Pharm.  clxxiii.  117  ;  clxxvii.  45. 

2  Zeller,  Journ.  PrakL  Chem.  [2],  x.  286  ;  Bdmstein,  Ber.  Dmtsch.  Chem  Ges 
ix.  4H(1  and  917. 

3  Erlenmeyer,  loc.  cit. 

4  Journ.  Frakt.  Chrm.  [2],  a.  270  ;  xi.  229. 

^  Lietzenmayer,  Ann.  Chem.  Pkarm.  clxxx.  282  ;  Stempnewsky,  ih.  cxcii.  240  * 
Krlen mey  r,  ?oc   cit. 

^  Jclti-lvow,  Ber.  Deutsch.  Chem.  Ges.  vi.  558. 
^  Nicderist,  Ann.  Chem.  Pharm.  clxxxvi.  393. 
^  Carius,  Ann.  Chem,,  Pharm,.  cxxvi.  195. 
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various  salts  in  small  quantities,  especially  chlorides,  and  also 
potassium  carbonate,  caustic  potash,  and  lime. 

Oxidizing  agents  convert  it  into  glycollic  acid,  CH2(OH).C02H; 
glyoxylic  acid.  CH(OH).3.C09H  ;  and  oxalic  acid,  CO2H.CO.2H. 

When  glycol  is  heated  with  zinc  chloride,  acetaldehyde  and 
crotonaldehyde,  C^H^O,  are  formed  together  with  other  products  ; 
acetaldehyde  is  also  formed  when  ethylene  glycol  is  heated  with 
water  to  220°-230°.i 

Sodium  Mono-ethylenatCy  C2H^(0H)0Na,  is  a  white  crystal- 
line body  obtained  by  the  action  of  sodium  on  glycol.  When 
heated  with  sodium  in  an  oil-bath  to  190°,  di^oclium  ethylenate, 
C2H4(ONa)2,  is  formed. 

Ethylene  Ethyl  Ether,  C2H4(OH)OC2Hg,  is  formed  by  treating 
the  mono-sodium  compound  with  ethyl  iodide.  It  has  however 
not  been  obtained  in  the  pure  state,  as  some  disodium  ethylenate 
is  at  first  formed.  It  is  a  very  pleasantly  smelling  liquid  boiling 
at  127°. 

Ethylene  Diethyl  Ether,  G.-^^J^OO^^^^,  is  readily  obtained 
when  the  foregoing  compound  is  treated  with  one-fourth  its 
weight  of  potassium,  and  the  cold  mass  warmed  with  ethyl 
iodide.  The  whole  is  then  distilled,  and  again  rectified  over 
potassium.  This  compound  is  a  pleasantly  ethereal-smelling 
liquid  boiling  at  123°*5,  and  having  a  specific  gravity  at  0° 
of  0-7993.2 


ETHYLENE   OXIDE.  CgH.O. 

470  This  interesting  compound  was  also  discovered  by  Wurtz.^ 
It  is  formed  directly  from  glycol  by  the  withdrawal  of  the 
elements  of  water.  In  order  to  prepare  it  concentrated  caustic 
potash  must  be  gradually  added  to  ethylene  chlorhydrin,  when 
a  violent  reaction  at  once  occurs,  but  after  a  time  the  reaction 
must  be  aided  by  heat : 

CH^Cl  CH,v 

I     "        H-    KOH    =      I        0    -f    KCl    H-    HgO. 

CHgOH  GH/ 

*  Nevole,  Compt.  Rend.  Ixxxiii.  228. 

2  "Wurtz,  Ann.  Chim.  Phys.  [3],  Iv.  400  ;  Ann.  Chem.  Pharm.  cviii.  84. 

'  Comptes  EcTidus,  xlviii.  101  ;  Ann.  Chem.  Pharm.  ex.  li.5. 
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Ethylene  oxide  is  evolved  as  a  gas,  which  is  first  passed 
throuo-h  a  tube  filled  with  chloride  of  calcium,  and  then  into  a 
well-cooled  receiver,  where  it  condenses.  In  order  to  prepare 
it  perfectly  pure  it  must  be  allowed  to  stand  over  calcium 
chloride  and  afterwards  be  rectified. 

Ethylene  oxide  is  a  pleasantly  smelling  ethereal  liquid  boiling 
at  13''-5,  and  at  0°  having  a  specific  gravity  of  08945,  whilst 
that  of  the  vapour  is  1-422.  It  mixes  with  water,  alcohol  and 
ether,  in  every  proportion.  When  sodium  amalgam  is  added  to 
its  aqueous  solution  it  is  reduced  to  ethyl  alcohol^  Although 
it  possesses  a  neutral  reaction  it  acts  as  a  very  strong 
base,  and  hence  forms  ''a  link  between  organic  and  mineral 
chemistry."  ^  Thus  for  example,  it  unites  so  easily  with  hydro- 
chloric acid  to  form  ethylene  chlorhydrate  that  when  equal 
volumes  of  the  gases  are  brought  together  over  mercury,  the 
combination  takes  place  as  quickly  as  between  hydrochloric  acid 
and  ammonia.  It  unites  with  acetic  acid  directly,  forming, 
according  to  the  quantity  added,  either  monacetate  or  diacetate. 
Brought  in  contact  w^ith  magnesium  chloride,  it  yields  a  preci- 
pitate of  magnesia  which  forms  slowly  in  the  cold  but  quickly 
when  warmed : 

2C,H,0  +  2H,0  +  MgCl^  =  2C,H,  |  ^^  +  MgCOH)^. 

It   acts    in    a    similar    way    with    the    salts    of    copper,     iron, 
aluminium,  &c.^ 

471  Biethylene  Dioxide,  (CgHJgOg.  If  ethylene  oxide  be 
brought  in  contact  with  well-cooled  brpmine,  and  if  the  mixture 
be  allowed  to  remain  in  a  freezing  mixture  for  a  day,  orange- 
yellow  or  ruby-red  prisms  separate  out,  possessing  the  composi- 
tion {Ci^fi).3v^.  These  melt  at  65°,  and  are  again  formed  on 
cooling.  The  constitution  of  this  singular  compound  has  not 
as  yet  been  satisfactorily  ascertained.  It  contains  bromine  only 
loosely  combined,  as  it  gradually  parts  with  this  element  in  the 
cold  in  contact  with  mercury,  when,  instead  of  ethylene  oxide 
being  formed,  the  bimolecular  compound  is  set  free.  This  is  a 
pleasant  but  faintly-smelling  liquid,  boiling  at  1 02°,  and  having  a 
specific  gravity  at  0°  of  1*0482,  whilst  that  of  its  vapour  is  3*10. 
On  cooling,  it  solidifies  to  a  crystalline  mass,  melting  at  0°.* 

^  Wurtz,  Comptes  Rendus,  ]iv.  277  ;  Ann.  Chem.  Pharm.  cxsii.  354. 

^  Wurtz,  Joum.  Ckem.  ^^oc.  xv.  387. 

3  Com-ptcs  Rendus,  1.  1195  ;  Ann.  Chcm.  Pharm.  cxvi.  249. 

*  Oompf.cs Eendtis,  Jiv.  277  ;  Ann.  Chcm.  Pharm.  rxxii    354 
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Dietliylene  dioxide  has  doubtless  the  following  constitution  : 

Para-etliylene  Oxide.  Ethylene  oxide  on  standing  for  some 
time  is  converted  into  a  polymeric  modiiication,  which  is  a 
white  crystalline  mass,  melting  at  b^°} 


POLYETHYLENE   ALCOHOLS. 

472  If  ethylene  oxide  be  heated  with  water  to  100^  these  sub- 
stances combine  to  form  ethylene  glycol,  and  this,  in  its  turn, 
combines  w^ith  the  free  ethylene  oxide  to  form  polyethylene 
alcohols.  These  bodies  are  also  obtained  by  heating  glycol  with 
ethylene  oxide  ^  or  ethylene  bromide.^ 

The  foUowincr  are  known  : 


B.P. 
250'= 


Diethylene  alcohol,         *-*^O^R^  OTT 

^/C,H,OH 
Triethylene  alcohol,  /O^H^  290° 

^         ,    ,  ,11       r\/   ^i  230°  under  a  pressure  of 

Tetrethylene  alcohol,     0<;  25  ^^ 

Pentethylene  alcohol,     _yG.^^  281  „        „ 

\C,H,.OH 

^  Compt.  Rend.  Ixxxiij.  1141. 

^  "Wurtz,   CompL  Hcnd.  xlix.  813  ;  1.   1195  ;  Aim.  Ohem.  Pkarm.  cxiii.  255  ; 
cxvi.  249. 

^  Lourengo,  Ann.  Cliem.  Fha;"m .  cxv'n  269  ;   Ann   CJiim.  Pays.  [3],  Ixvii.  288. 
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C,H,OH 


Hexethylene  alcohol,     ^\nu  325°  under  a  pressure  of 

^/^2^4.  25  mm. 

These  are  all  thick,  viscid  liquids,  soluble  in  water.  Their  pro- 
duction from  ethylene  oxide  and  glycol  is  readily  understood, 
and  their  formation  from  ethylene  bromide  and  glycol  is  repre- 
sented by  the  following  equations : 

G^KOK   +  C^H /gg  =  ^^^>      +  HBr. 

Polyethylene  alcohols  are  also  formed  when  glycol  is  heated  with 
ethylene  chlorhydrin,  this  reaction  taking  place  at  about  120°. 
When  heated  more  strongly,  the  chlorhydrius  or  bromhydrins  of 
the  polyethylene  alcohols  are  formed.  The  ethers  of  these  same 
alcohols  are  produced  by  heating  ethylene  oxide  with  the  acids 
or  anhydrides. 

ETHEREAL  SALTS  OF  ETHYLENE. 

473  The  number  of  these  is  very  large,  as  not  only  one  or  both 
of  the  hydroxyls  in  glycol  can  be  replaced,  but  two  different 
radicals  may  be  introduced. 

Ethyleve  CMorhydrin,  (ir  Qlilorhydrate,,  C2H^C1(0H).  This 
compound  was  first  obtained  by  Wurtz  by  saturating  ethylene 
alcohol  at  the  ordinary  temperature  with  hydrochloric  acid  gas 
and  then  heating  the  solution  in  closed  tubes  to  100°,  opera- 
tions which  must  be  several  times  repeated  in  order  to  convert 
the  glycol  completely  into  chlorhydrin.  The  product  is  then 
treated  with  potassium  carbonate  and  purified  by  fractional 
distillation.^  It  is  also  formed  w^hen  glycol  is  warmed  wnth 
sulphur  monochloride  :  ^ 

20,H,(0H),  +  28^01,  =  2C2H,C1(0H)  +  2HC]  +  SO,  +  ss. 

'  Ann.  Chim.  Phys.  [3],  Iv.  400  ;  Ann.  Chcm.  Pha7-vi,  ex.  125. 
^  Carius,  Ann.  Chem.  Pharm.  cxxvi.  195. 
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It  is  likewise  produced  by  the  direct  combination  of  ethylene 
and  bypochlorous  acid.^  In  order  to  prepare  it  according  to 
this  reaction,  a  large  balloon  is  filled  witb  defiant  gas,  and 
the  bypochlorous  acid  obtained  from  6  grams  of  mercuric 
oxide  added  for  every  1  liter  of  tbe  gas.  This  is  then  allowed 
to  stand  for  some  days  and  the  liquid  diluted  with  water,  any 
bypochlorous  acid  which  may  be  present  being  destroyed  by 
the  addition  of  sodium  thiosulphate.  The  liquid  is  then  dis- 
tilled until  the  distillate  ceases  to  have  a  sweet  taste,  saturated 
with  sodium  chloride,  and  the  chlorhydrin  removed  from  the 
liquid  by  shaking  with  ether.^ 

Ethylene  chlorhydrin  is  a  colourless,  sweet-tasting  liquid, 
boiling  at  128°,  its  vapour  having  a  density  of  2'797.  When 
brought  in  contact  with  water  and  sodium  amalgam  it  is  con- 
verted into  ethyl  alcohol,  and  it  yields  chloracetic  acid  on 
oxidation.  Hence  it  may  be  regarded  as  moiiochlor-eihyl- 
alcohol. 

Eihyltne  Dichloride,  C2H4C12.  This  compound  is  known,  from 
its  discoverers,  as  Dutch  liquid.  It  is  easily  formed  when 
ethylene  and  chlorine  are  brought  together,  but  the  combina- 
tion takes  place  slowly,  inasmuch  as  the  double  linkage  of  the 
carbon  has  first  to  be  replaced  by  single  linkage.  If  one  volume 
of  ethylene  and  two  volumes  of  chlorine  are  equally  mixed  and 
the  whole  ignited,  a  deep  red  flame  passes  through  the  mixture, 
hydrochloric  acid  is  formed  and  thick  clouds  of  soot  are 
deposited  (Deiman,  &c.). 

At  the  time  of  the  discovery  of  Dutch  liquid,  chlorine  was 
considered  to  be  oxidized  muriatic  acid,  and  hence  it  was 
assumed  that  in  the  formation  of  the  oil  the  oxygen  united 
with  the  hydrocarbon,  and  the  product  was  looked  upon  as  a 
body  resembling  some  of  the  fatty  oils.  It  was  recognized  by 
Colin  and  Robiquet^  to  be  analogous  to  hydrochloric  ether 
(ethyl  chloride),  and  its  composition  was  afterwards  determined 
by  Liebig,^  l)umas,^  and  Regnault,®  who  investigated  the 
compound  more  closely, 

^  Carius,  ib.  cxxiv.  257. 

2  Butlerow,  Ann.  Chcm,  Plutrm.  cxliv.  40.  The  solution  of  hypochlorous 
acid  must  te  prepared  from  moist,  freshly- precipitated  mercuric  oxide,  in  which 
the  amount  of  dry  oxide  must  be  determined.  To  four  grams  of  the  latter  so 
much  water  and  ice  is  added  that  15  parts  of  the  mixture  contain  one  part  of  dry 
oxide.  This  is  then  saturated  in  the  dark  with  chlorine  *;as,  and  afterwards  half 
as  much  moist  oxide  added,  and  the  mixture  used  directly. 

3  Ann.  Ghim.  Phys.  [2],  i.  337.  ^  Ann.  Pharm.  i.  213  ;  Ix.  20. 
^  Ann,  Ohim,  Phys.  xlviii.  185;  Ivi.  145.        ^  lb.  IviiL  301;  Ixix.  15i. 
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In  order  to  show  the  formation  of  Dutch  liquid,  the  apparatus 
employed  by  Colin  and  Eobiquet  and  since  improved  upon  may 
be  used.  In  the  tubulated  balloon  (Fig.  100)  equal  volumes  of 
dry  ethylene  and  chlorine  are  brought.  The  ethylene  dichloride 
which  is  formed  condenses  on  the  sides  of  the  glass  and  falls 
into  the  flask,  which  is  kept  cool  by  water,  as  heat  is  of  course 
evolved  during  the  reaction. 

In  order  to  obtain  larger  quantities  of  ethylene  dichloride. 
Limpricht's  method  may  be  employed.  For  this  purpose  ethyl- 
ene is  passed  into  a  slightly-warmed  mixture  of  2  parts  of 
manganese  dioxide,  3  parts  of  common  salt,  4  parts  of  water, 
and  5  parts  of  sulphuric  acid  until  the  black  colour  of  the  man- 
ganese  has  disappeared,  and  then  the  chloride  is  distilled  off. 


Fig.  100. 
Coal-gas  may  also  be  employed  as  a  source  of  ethylene,  but  in 
this  case  propylene  chloride  and  higher  homologues  are  formed, 
along  with  other  chlorinated  products.  Nearly  pure  ethylene 
dichloride  may,  however,  be  separated  from  this  mixture  by- 
fractional  distillation.^ 

The  latter  compound  is  also  formed  by  the  action  of  ethylene 
on  antimony  pentachloride,  chromium  oxychloride,  and  cupric 
chloride.  If  the  latter  salt  be  fused  in  an  atmosphere  of  the 
gas,  large  bubbles  are  evolved,  which  ignite  and  burn  with  a 
red  flame  with  formation  of  hydrochloric  acid  and  deposition 
of  soot.^ 


^  Ann.  Chem,  Pharm,  xciv.  245. 


"Wbhler,  Poyg.  Ann,  xiii.  297. 
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Ethylene  dichloride  is  also  obtained  by  treating  glycol  -with 
pentachloride  of  phosphorus  (Wurtz),  or  by  heating  ethylene 
alcohol  with  an  excess  of  fuming  hydrochloric  acid  to  100°.^  It 
is  also  found  in  large  quantity,  together  with  ethyl  chloride  and 
other  boJies,  in  the  by-products  in  the  manufacture  of  chloral 
(see  part  i.  p.  539).  According  to  Kramer,^  it  is  here  produced, 
together  with  its  isomeride  ethidene  chloride,  by  the  action  of 
chlorine  on  ethyl  chloride ;  whilst  according  to  Stadel  ^  this 
latter  compound  only  yields  ethidene  chloride  as  a  further 
substitution-product. 

Ethylene  dichloride  is  a  thin  oily  liquid,  insoluble  in  water 
and  possessing  a  pleasant  smell  and  sweet  taste.  It  boils  at 
83°'5,  and  at  0°  has  a  specific  gravity  of  1 '28082/  whilst  that  of 
its  vapour  is  3  44  (Gay-Lussac). 


CHLORINE  SUBSTITUTION-PRODUCTS  OF 
ETHYLENE. 

A  description  of  these  compounds  may  here  follow,  as  ethy- 
lene dichloride  serves  as  their  point  of  departure. 

AlonocJ dor  ethylene  or  Vinyl  Chloride,  CgHgCl,  was  discovered 
by  Liebig  and  afterwards  investigated  by  Regnault.^  In 
order  to  prepare  it,  ethylene  dichloride  is  brought  in  contact 
with  alcoholic  potash  and  allowed  to  stand  for  some  days  until 
no  further  chloride  of  potassium  separates  out.  The  mixture 
is  then  warmed  gentl}^  and  the  gas  led  through  a  vessel  cooled 
with  ice,  and  passing,  for  the  purpose  of  purification,  through 
sulphuric  acid  and  caustic  potash.  Monochlorethylene  is  a  gas 
having  an  ethereal  smell,  and  condensing  in  a  freezing  mixture 
to  a  mobile  liquid  boiling  between  —18°  and  —15°.  It  is  also 
formed  by  the  action  of  alcoholic  potash  on  ethidene  dichloride, 
CHg.CHClg.  Exposed  to  sunlight  it  is  converted  into  a  viscous 
amorphous  insoluble  mass. 

If  the  gas  be  passed  into  antimony  pentachloride  it  is 
quickly  absorbed,  monochlorethylene  dichloride,  CHgCl— CHClg, 
being  formed.     This  same  body  is  also  produced  when  ethylene 

^  Schorlemmer,  Journ.  Chem.  Soc.  1881,  i. 

2  £er.  DeiUsch.  Chem,  Ges.  iii.  259. 

^  Ann.  Chem.  Pharm,  cxcv.  183. 

*  Thorpe,  Joitrn.  Chem.  Soc,  1880,  i.  182. 

"  A7m.  Chim.  IJhys.  Iviii.  308. 
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dichloride  is  treated  with  chlorine  ia  the  sunlight.  It  is  like- 
wise found  in  the  by-products  of  the  chloral  manufacture.^  It 
is  a  liquid  smelling  like  ethylene  chloride,  boiling  at  115°  and 
having  a  specific  gravity  at  0°  of  1'4223.^ 

Dichlorethylene,  CH2=CCl2,  is  produced  by  the  action  of 
alcoholic  potash  on  the  last-named  compound  (Regnault).  It 
is  a  mobile  liquid  boiling  at  37''  (Kramer),  and  having  a  specific 
gravity  at  15°  of  1-250.  Dichlorethylene  passes  very  quickly 
into  a  white  amorphous  polymeric  modification,  insoluble  in  the 
ordinary  solvents.  It  unites  with  chlorine  to  form  dichlorethyl- 
ene dichloride,  CH2CI-CCI3,  a  body  which,  however,  has  not 
been  prepared  pure  in  this  way.  It  is  formed,  together  with 
its  isomeride  acetylene  tetrachloride,  CHClg— CHCig  (a  body 
which  will  be  described  further  on),  by  the  action  of  chlorine  on 
ethylene  dichloride  and  monochlorethylene  dichloride,  and  is  a 
liquid  boiling  at  127°-5.3 

Trichlorethylene,  CHClIIlCCU,  is  obtained  by  acting  with 
alcoholic  potash  on  either  of  the  isomeric  chlorides,  CgHgCl^,  as 
well  as  by  treating  tetrachlorethylene  or  hexchlorethane  with 
zinc  and  dilute  sulphuric  acid.^  It  is  a  liquid,  boiling  at  90°, 
and  combines  with  chlorine  to  form  triclilorethyhne  dichloride, 
CHClg— CCI3,  which  is  also  formed  by  the  continued  action  of 
chlorine  on  the  foregoing  bodies  or  on  ethyl  chloride.  For  this 
reason  it  is  also  termed  pentachlorethane.  It  is  readily  prepared 
by  the  action  of  phosphorus  pentachloride  on  chloral.^  It  is  a 
liquid  having  a  sweet  burning  taste  and  a  pleasant  honey-like 
smell,  boiling  at  159°  and  having  at  0°  a  specific  gravity  of 
1-7089.6 

Tetrachlorethylene,  Cfi\^.  This  compound,  which  was  formerly 
called  protochloride  of  carbon,  was  obtained  by  Faraday,  in 
1821,  by  passing  the  vapour  of  hexchlorethane,  CgClg,  through 
a  red-hot  tube.^  Regnault  prepared  it  from  the  latter  com- 
pound by  acting  upon  it  with  alcoholic  solution  of  potassium 
hydrosulphide :  ^ 

C.fi]Q  ^-  2KSH  =  C^Cl,  +  2KC1  +  SH^  -f  S. 

^  Kramer,  Ber.  Deutsch.  Chem.  Ges.  ni.  259. 
-  Pierre,  Ann.  Chern.  Pharm.  Ixxx.  127, 

3  Stiidel,  Ann.  Chem.  PluLrm.  cxcv.  187. 

4  Fischer,  Jahresb.  1864,  481. 

**  Paterno,  Comptes  Ecndus,  Ixviii.  450  ;  Ann.  Chem.  Pharm.  cH   117 

«  Thorpe,  Joutr.  Chem..  Soc,  1880,  i.  192. 

7  Phil.  Trans.  1821,  47. 

®  Ann.  Chem.  Pharm.  xxx.  o50  ;  xxxiii.  324. 
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It  is  also  formed  from  hexchlorethane  by  the  action  of  reducing 
agents,  such  as  zinc  and  dilute  sulphuric  acid  or  zinc  filings  in 
presence  of  alcohol.^  The  reduction  in  this  way  may  readily  go 
further,  and,  according  to  Bourgoin,  a  pure  product  is  obtained 
by  dissolving  hexchlorethane  in  double  its  weight  of  aniline  and 
heating  this  to  170°.  The  distillate,  which  still  contains  some 
of  the  higher  chlorinated  compound,  is  distilled  with  an  equal 
weight  of  aniline  at  130° — 140°,  and  the  distillate  then  freed 
from  aniline  by  dilute  sulphuric  acid.^ 

It  is  a  highly  refracting  mobile  liquid,  boiling  at  121°,  and  at 
0°  having  a  specific  gravity  of  1'6595,  whilst  that  of  its  vapour 
is  5-82  (Regnault). 

It  again  combines  with  dry  chlorine  in  the  sunlight  to  form 
hexchlorethane,  but  when  placed  under  a  layer  of  water,  trichlor- 
acetic acid  is  also  formed.  When  tetrach  lore  thy  lene  is  heated 
with  sulphur  trioxide  to  150°,  trichloracetyl  chloride  is  formed : 

CClf^CCl,   +   SO3  =   CCI3-COCI   +   SOg. 

Hexchlorethane,  CgClg,  was  first  prepared  by  Faraday  by  the 
continued  treatment  of  ethylene  chloride  with  chlorine.  It  is 
the  final  product  of  the  action  of  this  element  on  ethyl  chloride 
and  on  all  the  foregoing  substitution-products.  It  may  be  formed 
synthetically  by  passing  a  mixture  of  hydrogen  and  tetrachlor- 
methane  vapour  through  a  red-hot  tube  :  ^ 


CCl, 

H 

CGlg           HCl 

+ 

1      = 

=      1           + 

CCl, 

H 

CCI3           HCl. 

Hexchlorethane  crystallizes  in  rhombic  prisms  and  has  a  strong 
aromatic  camphor-like  smell.  It  is  tolerably  soluble  in  alcohol, 
still  more  so  in  ether,  but  scarcely  dissolves  in  water.  When 
heated,  it  sublimes  at  a  temperature  below  its  melting  point, 
■which  lies  at  185° — 187°.  In  order  to  bring  the  liquid  to  the 
boiling  point  it  must  be  heated  under  pressure.  When  the 
pressure  is  reduced  to  one  atmosphere  a  sudden  solidification 
takes  place,  from  which  it  appears  that  the  melting  point  of 
this  compound  lies  somewhat  higher  than  its  boiling  point.^ 

Mhylene  Bromhydrin,  C2H4Br(OH),  is  obtained  by  saturating 
ethylene  glycol  with  hydrobromic  acid,  and  heating  the  solution  to 

^  Geuther,  ib,  cvii.  212. 

^  Bourgoin,  Bull,  Soc.  Chim.  xxiii.  244, 

*  Stadeler,  Ann.  Ckem.  Fharm.  Suppl.  vii.  1G8. 

*  Hahn.  Ber.  Deuisch.  Chcm.  Ges.  xi.  1735. 
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100°,  It  is  a  thickish  pleasantly  smelling  liquid  which  has  a 
bitter  taste.  It  boils  at  147°,  and  has  at  8°  a  specific  gravity  of 
1"66,  that  of  its  vapour  being  4'3025.i 

474  Ethylene  Dibroviide,  CgH^Brg,  was  first  prepared  by  Balard.^ 
It  is  easily  formed  by  passing  ethylene  into  well-cooled  bromine 
which  is  covered  by  a  layer  of  water.  In  order  not  to  be  incon- 
venienced by  the  bromine  vapours  which  are  evolved,  the 
arrangement  suu;gested  by  Hofmann  ^  is  employed.  A  strong 
glass  bottle  of  two  to  three  liters  capacity  is  filled  with 
ethylene  under  water,  and  120  grams  of  bromine  together  with 
the  same  quantity  of  water  are  poured  in,  and  the  cork  quickly 
replaced  by  one  carrying  a  glass  tube  which  passes  nearly  to 
the  bottom  of  the  vessel,  and  being  connected  by  a  caoutchouc 
tube- with  a  gas-holder  containing  ethylene.  The  gas  is  now 
allowed  to  pass  in,  the  whole  being  shaken  until  no  more 
■absorption  takes  place.  More  bromine  is  then  added,  and  the 
operation  repeated  until  a  sufficient  quantity  of  the  dibromide 
is  obtained. 

In  order  to  prepare  larger  quantities,  the  method  described 
by  Erlenmeyer  and  Bunte,  and  shown  in  Fig.  101,  may  be  used. 
The  ethylene  is  prepared  by  the  method  already  described, 
and,  in  order  to  obtain  it  as  pure  as  possible,  it  is  passed 
through  an  empty  bottle  (a)  to  condense  any  vapours  of  other 
and  alcohol  which  may  be  present ;  the  bottle  (h)  containing 
sulphuric  acid  retains  any  of  these  products  which  are  not 
condensed  in  (a),  whilst  (c)  and  {d)  contain  caustic  soda. 

The  air  is  first  driven  out  of  this  part  of  the  apparatus,  and 
the  bottle  (e)  two-thirds  filled  with  bromine  and  water,  and  con- 
nected on  one  side  with  the  upright  tube  E,  and  on  the  other 
side  with  the  bottle  (/),  which  is  filled  to  a  height  of  five  cm. 
with  broken  glass,  and  then  with  lumps  of  dry  soda- lime.  The 
air  is  now  driven  out  so  that  the  tube  R  is  half  filled  with 
bromine,  and  the  tube  connected  with  the  bottle  (d),  and 
ethylene  is  passed  in  until  the  colour  of  the  bromine  has  dis- 
appeared. The  crude  product  is  purified  by  washing  with  caustic 
soda  and  water,  then  dried  over  calcium  chloride,  and  rectified. 
Ethylene  bromide  is  a  mobile  pleasantly  smelling  liquid,  havino- 
a  sweet  taste,  boiling  at  IBV-'j,  and  having  a  specific  gravity  at  0° 
of  2-2132  (Thorpe),  whilst  that  of  its  vapour  is  6-485  (Regnault). 
It  solidifies  in  the  cold  to  crystals  which  melt  at  9°-5  (Eegnault). 

1  Henry,  Ann.  Chim.  Phys.  [4],  xxvii.  250.  2  /j^  [-^j^  xxxii   375 

3  Journ.  C/iem.  Soc.  xiii.  67. 
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When  heated  with  water  to  150''— 160"  it  is  converted,  as  Carius 
has  shown,  into  hydrobromic  acid  and  aldehyde.^  In  this 
decomposition  glycol  as  we  know  now  is  first  formed  (p.  34). 

475  Monobrometliylene,  or  Vinyl  Bromide,  G^HgEr,  is  formed  by 
the  action  of  alcoholic  potash  on  ethylene  bromide,^  or  ethidene 
bromide.^  It  is  a  liquid  which  boils  at  18°,  and  has  a  specific 
gravity  of  1'56,  and  in  the  sunlight  is  converted  into  an 
amorphous  polymeric  modification.  When  treated  with  very 
concentrated  hydrobromic  acid,  it  unites  to  form  ethylene 
bromide.  With  a  weak  acid,  on  the  other  hand,  it  forms 
ethidene  bromide.*  It  combines  also  with  chlorine  and  bromine 
to  form  a  dichloride  and  dibromide,  and  from  these  a  series  of 
substituted  ethylenes  and  additive-products  may  be  prepared,^ 
of  which  the  following  may  be  mentioned. 

Tetrahromethylene,  C^Br^,  is  not  only  formed  from  pentabrom- 
ethane,^  but  also  together  with  other  products  by  the  action  of 
bromine  on  alcohol  or  ether. "^  It  crystallizes  from  alcohol  in 
laminae  which  melt  at  53°,  and  have  an  aromatic  smell  and  a 
sharp  burning  taste. 

Hcxbromethane,  CaBr^,  crystallizes  from  solution  in  carbon 
disulpbide  in  thick  transparent  tetragonal  prisms  which  decom- 
pose at  200° — 210°  without  previously  melting,  giving  rise  to 
the  foregoing  compound  and  bro;nine.^  It  is  distinguished  from 
tetrabromethylene,  inasmuch  as  it  is  not  volatilized  in  a  current 
of  steam.  ^ 

Ethylene  ChlorlrGmide,  CgH^ClBr,  is  obtained  by  passing 
ethylene  into  a  well-cooled  aqueous  solution  of  bromine 
chloride.^*'  It  is  also  formed  by  the  action  of  bromine  on 
ethylene  chloriodide,^^  and  is  a  liquid  resembling  ethylene  dibro- 
mide, boiling  at  107° — 108°,  and  having  at  0°  a  specific  gravity 
of  r79.     Alcoholic  potash  converts  it  into  monochlorethylene. 

Ethylene  lodhydrin,  C.HJ  (OH),  was  prepared  by  Butlerow 
and  Ossokin,  by  heating  the  chlorhydrin  with  potassium  iodide. 
It  is  a  heavy  oily  liquid  having  a  burning  taste  and  characteristic 
smell,  and  can  be  distilled  in  a  vacuum  without  decomposition.^^ 

1  Ann.  Chem.  Pkarm.  cxxxi.  173.  2  Kegnault,  Ann.  Pharm.  xv   63 

3  Beilstein,  Bull.  Soc.  Chim,  1861,  121. 

*  Reboul,  Comjjtes  liendics,  Yiv.  1229;  Ann.  Ch^m.  Pharm.  cxxiv.  267. 
^  See  Denzel,  Ann.  Chem.  Pharon.  cxcv.  205. 

*  Lennox,  Proc.  Roy.  Soc.  xi.  257. 

'  Lowig,  Pogg.  Ann.  xvi.  377.  a  Reboul,  he.  cit. 

^  Merz  and  Weith,  Ber.  Deutach.  Cliem,  Gcs,  xi.  2239. 

^^  Simpson,  Proc.  Roy.  Soc.  xxvii.  118. 

^^  Henry,  Ann.  Cliem.  Pharm.  clvi.  14.  i-  /;,.  cxliv.  42. 
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476  Ethylene  Di-icdide,  G^J.^,  was  first  prepared  by  Faraday 
in  1821,  by  acting  on  ethylene  -with  iodine  in  the  sunlight.^  It 
is  also  formed  when  the  gas  is  passed  into  iodine  warmed  to 
50° — 60°.^  It  is,  however,  best  prepared  according  to  the 
process  of  Semenoff,  by  passing  ethylene  into  finely-powdered 
iodine  mixed  with  alcohol  so  as  to  form  a  thin  paste.  When  a 
considerable  quantity  of  the  compound  has  been  separated  out, 
the  iodine  solution  is  poured  off,  mixed  again  with  iodine,  and 
the  operation  repeated.  The  crystals  thus  obtained  are  pure 
after  they  have  been  washed  with  cold  alcohol.^  It  crystal- 
lizes in  colourless  tables  or  prisms  melting  at  81° — 82°.^  It 
possesses  an  aromatic  smell,  and  the  vapour  attacks  the  eyes  and 
produces  headache.  It  is  a  very  unstable  compound,  being 
easily  converted  in  the  presence  of  light  into  iodine  and 
ethylene.  When  heated  it  also  decomposes,  though  a  portion 
of  it  sublimes,  and  it  may  be  sublimed  without  decomposition 
in  an  atmosphere  of  ethylene. 

When  ethylene  iodide  is  heated  with  alcohol  to  70°,  the  com- 
pound C2H5O.CHI.CH-3  is  formed.  This  is  monicdethyl  oxide^ 
and  is  a  yellow  oily  liquid  having  a  sharp  overpowering  smell. 
Sodium  ethylate  converts  it  into  acetal.^ 

Alcoholic  potash  converts  ethylene  di- iodide  into  mcniodethylene 
or  vinyl  iodide,  CgHgl,*^  a  decomposition  which  may  easily  pass 
on  further,  when  much  acetylene  is  evolved.^  It  is  a  colourless 
liquid  having  an  alliaceous  smell,  boiling  at  56°  and  at  0° 
having  a  specific  gravity  of  2  08. 

Ethylene  Chloriodide,  Cgll^ClI,  is  formed  when  ethylene  is 
passed  into  an  aqueous  solution  of  iodine  monochloride.®  It  is 
an  oily  liquid  boiling  at  140°,  and  at  10°  having  a  specific  gravity 
of  2'1644<  (Thorpe).  Alcoholic  potash  converts  it  into  mono- 
chlorethylene,  and  when  heated  with  finely  divided  silver  to 
160°  ethylene  and  ethylene-dichloride  are  formed.^ 

Ethylene  Bromiodide,  CgH^Brl.  This  body  is  formed,  according 
to  Simpson,  by  passing  ethylene  into  an  aqueous  solution  of 
iodine  bromide.     It  is  deposited  in  white  needles  resembling 


1  Quart.  Joum,  Science,  xiii.  429.  ^  Regnault,  Ann.  Pharm.  xv.  67. 

s  Zeitsch.  Chcni.  1864,  673. 

^  Aronstein  and  Kramps,  Bcr.  Dcutsch.  Cliemi   Ges.  xiii.  489. 

"  Baumstark,  Ber.  Deutsch,  Chem-.  Ges.  vii.  1172. 

^  Regnault,  Ann.  Pharm.  xv.  63. 

"^  Gustavson,  Jdum.  Russ.  Chcnfi.  Ges.  vi.  164, 

^  Simpson,  Proc.  Moy.  Soc.  xii.  278. 

5  Friedel  and  Silva,  Bull.  Soc.  Chim.  xvii.  242. 
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ethylene  iodide,  m^lts  at  28°,  and  boils  between  162°  and 
167°.i 

477  Sulphates  of  FAhylme,,  When  ethylene  alcohol  is  heated 
with  concentrated  sulphuric  acid  to  150°,  it  forms  ethykne-hydroxy- 
sulphuric  acid,  CgH^COHjSO^H,  a  body  which  is  not  known  in 
the  pure  state.  The  barium  salt  is  easily  soluble,  it  forms  a 
white  sohd  mass  which  decomposes  readily  in  aqueous  solution 
with  formation  of  glycol,  sulphuric  acid,  and  barium   sulphate.^ 

Ethylciusulijhuric  Acid,  G.^R^{^0^\,  is  formed  "when  glycol 
is  allowed  to  fall  drop  by  drop  into  chlorsulphonic  acid  which  is 
cooled  by  ice  : 

2S0,  {  glj  +  C,H,  j  gg  =  C,H,  {  OSO.OH  ^  ^hCI. 

It  is  a  thick  liqtiid,  which  decomposes  only  at  160°;  on  heating 
with  water  is  resolved  into  sulphuric  acid  and  glycol.  Its  barium 
salt,  C.^H^(S04)2Ba  +  2H2O,  crystallizes  in  slender  interwoven 
needles.^ 

Ethylene  Nitrite,  Q.^J^O.^^.  This  compound  was  first 
obtained  by  SemenofF  by  passing  ethylene  into  liquid  nitrogen 
tetroxide.  An  oily,  very  poisonous  body  is  formed  at  the  same 
time,  but  this  has  not  been  further  investigated.  The  nitrite 
may  be  obtained  in  the  purer  state  by  passing  ethylene  into 
pure  ether,  and  at  the  same  time  allowing  nitrogen  tetroxide  to 
drop  in.  Ethylene  nitrite  crystallizes  in  tables  or  prisms  which 
fuse  at  yi^'D,  and  sublime  at  a  higher  temperature  with  partial 
decomposition.*  It  has  not  yet  been  ascertained  whether  this 
compound  is  a  nitrous  ether  or  dinitro-ethylene,  though  the 
former  of  these  views  is  the  more  probable,  as  amyl  nitrite 
prepared  in  a  similar  way  is  doubtleirs  a  nitrous  ether. 

When  tetrachlorethylene  is  heated  with  nitrogen  tetroxide  to 
I10°— 120°,  dinitro-tetrachlorethylene,  Qfi\l^O^)^,  is  formed, 
a  body  crystallizing  from  alcohol  in  feathery  needles.  It  smells 
like  chlorpicrin,  and  is  easily  decomposed  on  heating,  but 
sublimes  in  a  current  of  aqueous  vapour.^ 

Ethylene  Nitri-nitrate,  G^A  q]s[o  '  ^^  formed  when  ethyl- 
ene is  passed  into  a  well-cooled  mixture  of  concentrated  nitric 
and  sulphuric  acids.      It  is  a  colourless  oily  liquid  having  a 

1  Simpson,  Proc.  Hoy.  Soc.  xxii.  51.  2  j^_  ^^^  ^25. 

8  Claesson,  Journ.  Prakt.  Chc7n.  [2],  xx.  2. 

*  Zeitsch.  Chem.  1864,  673.  ^  Kolbe,  Bcr.  DmUcli.  Cliem.  Ges.  ii.  326. 
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spirituous  and  pungent  smell,  tlie  vapour  attacking  the  eyes 
and  producing  headache.  On  heating,  decomposition  takes 
place.  Alkalis,  as  well  as  dilute  hydriodic  acid,  convert  it  into 
ethylene  alcohol,  a  reaction  which  shows  that  it  is  not  a  nitro- 
compound.^ 

Ethylene  Nitrate^  C2H^(ON02)2,  is  produced  when  ethylene 
glycol  is  gradually  added  to  a  well-cooled  mixture  of  concen- 
trated nitric  and  sulphuric  acids.  It  is  a  colourless  oily  liquid 
having  an  unpleasant  sweet  taste,  and  taking  fire  readily,  burn- 
ing quickly  with  a  bright  flame.  It  decomposes  on  percussion, 
is  poisonous,  and  is  converted  into  ethyl  alcohol  in  presence  of 
caustic  potash.^ 

In  a  ^ixmldj:  yf2ij  Ethylene  Chlornitrate,  CaH^Cl.NOg,  is  obtained 
from  ethylene  chlorhydrin,  and  this  substance  is  also  a  heavy 
oily  liquid  (Henry). 

478  Borate  of  Ethylene.  By  the  action  of  boron  trioxide  on 
ethylene  alcohol  the  monoborether  is  obtained  : 

rci  ro.aH,.OH 

B^CL    +    3C,H,(OH)2    =    B^O.CX.OH    +    3HCL 
(  01  (  O.C^H^.OH 

It  separates  out  from  its  solution  in  chloroform  in  yellowish- 
white  microscopic  laminse  which  are  decomposed  by  water  into 
boric  acid  and  glycol.  It  is  not  combustible,  but  colours  the 
luminous  gas  flame  of  a  bright  green.^ 

Ethylene  Thiocyanate,  C2H4(SCN)2,  is  formed  by  heating 
ethylene  bromide  with  alcoholic  solution  of  potassium  thiocyan- 
ate.  It  is  slightly  soluble  in  cold  water,  and  more  easily  soluble 
in  hot  water  and  in  alcohol.  It  crystallizes  in  needles  or  rhom- 
bic tables,  melting  at  90°,  and  having  a  sharp  taste.  Its  smell 
is  peculiar.  When  boiled  with  water  it  volatilizes,  its  vapour 
attacking  the  eyes.^ 

Ethylene  Selenocyanate,  02H4(SeCN)2,  is  obtained  in  a  similar 
way  to  the  foregoing,  from  potassium  selenocyanate.  It  crystal- 
lizes from  boiling  water  or  alcohol  in  fine  white  needles,  which 
melt  with  decomposition  at  128°.^ 

Ethylene  Diformate,  02H^(OH02)2,  is  formed  by  boiling  glycol 

^  Kekule,  Ber.  Deutsch.  Chem.  Ges.  ii.  329. 

^  L.  Henry,  Ber,  Deuisch,  Chem.  Ges.  iii.  529 ;  Champion,  Compi.  Rend.  Ixxiii. 

^  Councler,  Ber.  Deutsch.  Chem.  Ges.  xi.  1106. 

*  Buff,  Ann.  Chem.  Pharm.  xcvi.  362  ;  c.  228  ;  Sonnenschein  and  Meyer, 
Joum.  Prakt.  Chem.  Ixv.  257. 

^  Proskauer,  Ber.  Deutsch.  Chem.  Ges.  vii.  1280. 
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with  3  to  4  parts  of  75  to  80  per  cent,  formic  acid  in  connection 
^^ith  an  inverted  condenser.  The  product  is  then  distilled,  and 
a  liquid  obtained  which  boils  between  170°— 180°.  and  this  also 
contains  monoformate.  In  order  to  remove  this  latter  compound 
it  is  again  heated  with  formic  acid,  and  the  pure  ether  is 
obtained  by  rectification  of  the  product.  It  is  a  mobile  liquid 
having  a  peculiar  smell  and  boiling  at  174°> 

479  Ethylene  Ifonacetate,  or  Ethylene  3fo7iacetin,  CgHJ  qq  jj  q 

The  formation  of  this  compound  has  already  been  described 
under  glycol.  It  is  obtained  by  fractional  distillation  as  an  oily 
liquid  having  a  neutral  reaction,  a  faint  smell  resembling  acetic 
acid,  and  boilins^  at  182°.  It  is  heavier  than  water,  and  miscible 
with  this  liquid.  The  ether  is  also  formed  when  glycol  is  heated 
to  200°  with  the  necessary  quantity  of  acetic  acid.^  If  acetic 
anhydride  be  employed  in  place  of  acetic  acid,  the  reaction 
takes  place  at  170°.^ 

Ethylene  Diacetate,  or  Ethylene  Diacetin,  €2114(0021130)2,  is 
best  obtained,  according  to  Wurtz,  by  mixing  5  parts  of  ethylene 
bromide  and  9  parts  of  silver  acetate  with  acetic  acid  until  they 
form  a  thin  paste,  and  heating  this  for  some  days  to  100^  It  is 
then  washed  out  with  ether,  the  latter  distilled  off,  and  the 
residue  fractionated.  It  is  also  obtained  by  heating  glycol  with 
excess  of  acetic  acid  to  200°  (Laurencjo).  Ethylene  diacetate 
is  a  colourless  liquid,  having  a  specific  gravity  at  0°  of  1*128, 
and  boiling  at  186°- — 187°.  On  heating  it  has  a  faint  smell  of 
acetic  acid,  and  it  dissolves  at  22°  in  7  parts  of  water,  separating 
out  again  on  addition  of  calcium  chloride. 

r  01 

Ethylene  Chloracetin,  or  Ethylene  Acetochloride,  CgH^  1  n  r*  TT  O 

is  obtained  by  heating  a  mixture  of  glycol  and  acetic  acid  satu- 
rated with  hydrochloric  acid,  or  better  by  passing  hydrochloric 
acid  gas  into  ethylene  monacetin  heated  to  100°  (Simpson).  It 
is  also  formed  by  the  action  of  acetyl  chloride  on  glycol 
(Lauren9o).  It  is  a  liquid  boiling  at  145°,  and  having  at  0°  a 
specific  gravity  of  1*1783. 

Ethylene lodaeetin,  Cfi^l  Q^-^^,  is  formed   in   a   similar 

way  to  the  foregoing  compound  by  the  action  of  hydriodic  acid 

'  Henninger,  Bull.  Soc.  Ghim.  [2],  xxi.  242. 
^  Lauren^o,  Ann.  Chlm.  Phys.  [3],  Ixvii.  267. 
^  Simpson,  P',oc.  Roy,  Soc.  x.  114. 
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on   the  cold  monacetin.     It  is   an  oily,  sweetish  liquid,  -which 
on  cooling  crystallizes  in  tables  (Simpson). 

Besides  these  ethers  the  following  may  be  mentioned.     They 
have  been  prepared  by  Laurence,  Simpson,  and  Wurtz : 

B.P. 
(  OTT 
Ethylene  monobutyrate,     CgH^  *  O  G  H  0     ^^^^^  ^^*^°- 

Ethylene  acetobutyrate,     CgH^lQ  ^2^3^     208  to  215°. 

Ethylene  dibutyrate,  C.H^  |  q  q^^^q     ^^^  ^^  ^^■^°* 

{OTT 
O  P  TT  O     ^^^^^  240°. 

Ethylene  acetovalerate,       C^TI^-]  o'p^xr^o  ''      230°. 

Ethylene  divalerate,  *-'2^^4  )  O  O^T-T^O  "      255°. 
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f  OTT 

480  Ethylene  Hydroxysulpliide^  Q.^A   q-rr,  was  obtained  by 

Cariusby  acting  on  potassium  hydrosulphide  with  ethylene  chlor- 
hydrin.  It  is  a  colourless  liquid  heavier  than  water,  having  a 
faint  smell  of  mercaptan.  Its  alcoholic  solution  gives  precipitates 
with  many  metallic  salts,^ 

Ethylene  D (hydrosulphide,  or  Ethylene  Mercaptan,  C^J^'H)^. 
The  existence  of  this  compound  was  observed  so  long  ago  as 
1840  by  Lowig  and  Weidmann,  but  it  was  first  prepared  in  the 
pure  state  in  1862  by  Werner.  It  is  easily  formed  by  the  action 
of  ethylene  bromide  on  potassium  hydrosulphide  in  alcoholic 
solution.  It  is  a  colourless  highly  refracting  liquid,  boiling  at 
146°,  and  having  a  specific  gravity  of  1'123  at  23°'5.  It  dis- 
solves easily  in  ammonia  and  other  alkalis,  and  forms  insoluble 
mercaptides  with  the  heavy  metals.^ 

Ethylene  Sulphide,  CgH^S,  is  obtained  by  the  action  of  an 
alcoholic  solution  of  potassium  sulphide  on  ethylene  bromide, 

^  Carius,  Ann.   Chem.  PJiarm,  cxxiv.  257. 
2  Zeitscli.  Chem,  1862,  584. 
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and  was  first  prepared  by  Lowig  and  Weidmann   as  a   white 
amorphous  powder,  and  termed  by  tliem  suljjJietherin.'^ 

The  body  was  then  examined  ahnost  simultaneously  by 
Crafts,2  Werner,3  a,nd  Husemann/  and  obtained  by  the  action  of 
an  alcoholic  solution  of  potassium  sulphide  on  ethylene  bromide. 
According  to  Crafts  the  product  contains  bromine,  but  if  it  be 
submitted  to  a  careful  dry  distillation,  a  white  crystalline  body 
of  the  above  composition  is  obtained,  and  this  is  purified  by 
heating  the  first  product  for  some  days  in  contact  with  ether, 
alcohol,  or  carbon  disulphide  to  150° — 160°.  Husemann  found, 
moreover,  that  this  compound  may  be  obtained  by  heating 
mercury  ethylene  mercaptide  with  ethylene  bromide : 

C,H /^>Hg     +    C,H,Er,     =     C,H /|>C,H,   +   HgBr,. 

Hence  this  compound  is  clteihylene  disulphide,  and  its  consti- 
tution is  analogous  to  that  of  diethylene  dioxide.  Its  vapour 
density  was  also  found  to  correspond  to  this,  being  4"28. 

Diethylene  disulphide  crystallizes  from  hot  alcohol  in  white 
ghstening  needles,  and  from  ether  in  hard,  glassy,  monoclinic 
prisms.  It  has  a  powerful  smell  and  pungent  taste,  sublimes  at 
111°  and  boils  at  about  200°. 

It  unites  directly  with  the  elements  of  the  chlorine  group. 
The  compound  with  iodine  is  comparatively  stable,  crystallizing 
in  monoclinic  tables,  having  the  formula  (0211^)28214,  or  perhaps 
CgH^SIg.  The  crystals  appear  red  by  transmitted  light,  but 
■have  a  metallic  or  an  iron-black  lustre  by  reflected  light. 

Concentrated  nitric  acid  converts  the  disulphide  into 
(C2HJ2S2O2,  a  body  crystallizing  from  hot  water  in  white 
needles.  Heated  under  pressure,  (CgHJgSgO^,  or  CgH^SOg,  is 
produced,  a  body  which  forms  crystals  insoluble  in  water. 

Ethylene  TJiiocarhonate,  C2H4.CS3,  is  formed  by  tlie  action  of 
sodium  thiocarbonate  on  ethylene  bromide.  It  crystallizes  from 
ether-alcohol  in  fine  golden-yellow  prisms,  melting  at  36°'5. 
It  is  oxidized  by  dilute  sulphuric  acid  to  ethylene  oxythiocarbonate, 
CgH^.COSg,  which  crystallizes  from  alcohol  in  thin  needles, 
melting  at  31°. 

481  Ethylene    Thiochlorides.      These   bodies,   discovered    by 

^  Fogg.  Ann.  xlix.  123. 

^  Ann.  Ohem.  Pharm.  cxxiv.  110;  cxxviii.  220. 

3  Zeiisch.  Chcm.  1862,  584. 

*  Ann.  Ckem.  FJiarm.  cxxvi.  269. 
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Guthrie/  are  formed  by  the  direct  union  of  ethylene  with  the 
chlorides  of  sulphur. 

Ethylene  Thiodichlofide,  C2H4SCI2,  is  formed  by  passing 
eth^dene  into  well-cooled  sulphur  dichloride,  which  must  be 
afterwards  heated  to  100°.  It  is  a  liquid  having  a  taste  and 
smell  resembling  mustard-oil.  It  produces  blisters  when  brought 
on  the  skin,  and  at  the  ordinary  temperature  gives  off  a  small 
amount  of  vapour  which  attacks  the  mucous  membranes.  It 
decomposes  easily  on  heating. 

Ethylene  Dithiodichloride,  (03114)232012,  is  formed  by  heating 
ethylene  with  sulphur  monochloride  to  100°.  It  is  a  light- 
yellow  liquid  having  a  sweet  pungent  odour  and  taste,  the 
vapours  of  which  attack  the  eyes  powerfully. 

Chlorethylene  Dithiodichloride,  (0311301)282012,  is  formed  by 
the  action  of  ethylene  on  boiling  sulphur  monochloride.  It  is  a 
light-yellow  liquid  having  a  sweet  biting  taste  and  a  pleasant 
odour  resembling  that  of  lemons  and  peppermint. 

SULPHO-ACIDS   OF   ETHYLENE. 

482  Regnault,  in  1837,  was  the  first  to  point  out  that  ethylene 
unites  with  the  vapour  of  sulphur  trioxide,  forming  the  crystal- 
line compound  CgH^SgOg,  to  which  he  gave  the  name  of  sul- 
phacetylic  acid.^  The  same  body  was  obtained  by  Magnus  by 
acting  with  alcohol  on  sulphur  trioxide.  He  termed  it  carhyl 
sulphate,  and  found  that,  in  contact  with  water,  it  gives  rise  to 
a  dibasic  acid,  to  which  he  gave  the  name  of  ethionic  acid, 
O2II4S2O7H2,  but  that  when  boiled  with  water  it  is  converted 
into  monobasic  isetkionic  acid,  OgH^SO^H,  and  sulphuric  acid.^ 
Later  investigations  have  proved  that  the  last-named  acid  is  a 
sulphonic  acid,  and  that  these  compounds  have  the  following 
constitution : 

Carbyl  Sulphate.  Ethionic.  Acid.  Tsethionic  Acid. 

/O    -so,  .O.SO2.OH  /OH 

02H,(  I  C2H,(  02H,( 

\S02— 0.  \S02.0H.  ^SOg-OH. 

Isetkionic  Acid  or  Hydroxyetliylene  Sulphonic  Acid.  Before 
the  discovery  of  carbyl  sulphate,  this  substance  was  prepared  by 

1  Jmim.  Cliem,  Soc.  xiii.  35  ;  ih.  129  ;  xiv,  128. 

2  Ann.  Chem.  Pharm.  xxv.  32. 
^  Fogg,  Ann,  xlvii.  609. 
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Magnus  from  ethionic  acid,  a  compound  which  he  had  obtained 
by  treating  alcohol  or  ether  with  sulphur  trioxide  and  dissolving 
the  product  in  water.  Magnus  thought  at  first  that  the  two 
acids  were  isomerides  and,  as  Sertiirner  had  suggested  for  sul- 
phovinic  acid  (ethyl  sulphuric  acid),  the  name  of  oenothionic 
acid,  Magnus  adopted  the  above  names  for  his  acids,  as  both 
might  be  considered  to  be  compounds  of  ether  and  anhydrous 
sulphuric  acid.^ 

Isethionic  acid  is  also  formed  in  an  analogous  way  to  the 
other  sulphonic  acids  by  oxidizing  ethylene  hydroxysulphide 
(p.  51)  with  nitric  acid,  and  its  potassium  salt  is  formed  when 
an  aqueous  solution  of  acid  sodium  sulphite  is  heated  with 
ethylene  oxide  to  100°.^  It  is  also  found,  in  an  analogous  way, 
from  normal  sodium  sulphite  and  ethylene  chlorhydrin  at  a 
temperature  of  170°— 180°.3 

In  order  to  prepare  it,  the  vapour  of  sulphur  trioxide  is  passed 
into  well-cooled  absolute  alcohol  or  ether,  the  product  diluted  with 
four  times  its  volume  of  water  and  boiled  for  some  hours,  the 
evaporated  water  being  from  time  to  time  replaced.  It  is  then 
saturated  with  barium  carbonate  and  filtered.  The  liquid  is 
concentrated  by  evaporation  until  crystals  of  barium  methylene 
disulphonate  (Part  I.  p.  264),  separate  out,  whilst  the  rest  of  the 
salt  is  thrown  down  on  addition  of  alcohol.  The  filtrate  is  then 
concentrated  to  the  consistency  of  a  thin  syrup,  and,  on  standing, 
barium  isethionate  separates  out,  and  this  is  decomposed  by 
dilute  sulphuric  acid.  On  evaporating  the  solution,  isethionic 
acid  remains  as  a  syrup  but  crystallizes  to  deliquescent  needles 
having  a  strongly  acid  taste,  when  allowed  to  evaporate  over 
concentrated  sulphuric  acid. 

The  salts  of  isethionic  acid  are  readily  soluble  and  crystal- 
line. Potassium  Isethionate,  C2H^(OH)S03K,  crystallizes  in  glis- 
tening laminae  or  rhombic  prisms.  Amiiionmm  Isethionate, 
G2^^(P'H.)S0^'Nli^,  is  deposited  in  transparent  prisms  or  pyra- 
mids. Barium  Isethionate,  [C2H4(OH)S03]2Ba,  crystallizes  in 
transparent  six-sided  tables,  or  is  formed  in  large  semi-transparent 
crystals. 

Isethionic  acid  also  acts  as  an  alcohol,  and  hence  it  exhibits 
elations  similar  to  the  hydroxy-acids  of  the  lactic  series. 
Thus,  on  oxidation,    it  is    converted    into    sulphonacetic    acid, 

^  Fogg.  Ann.  xxvii.  378. 

2  Erienmeyer  and  Darmsttidter,  Zcitsch.  Ckem.  1868,  342, 

3  Collniann,  Ann.  Chcm.  Pharm.  cxlviii.  101. 
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CK,(S03H)C02H,i  a  body  which  will  be  described  under  the 
giycolyl  compounds. 

Isethionyl  Dichloride,  G2H^C1(S02C1),  is  obtained  by  the  action 
of  phosphorus  pentachloride  on  potassium  isethionate.  It  is  a 
heavy  colourless  oil,  smelling  like  oil  of  mustard,  and  boiling  at 
about  200°. 

CJdorisethionic  Acid,  C2H4C1(S03H).  The  chloride  is  only 
slowly  attacked  by  water  at  the  ordinary  temperature,  and  in 
order  to  prepare  this  acid  the  mixture  must  be  heated  for  some 
days  in  closed,  tubes.  Chlorisethionic  acid  crystallizes  in  deli- 
quescent needles  and  forms  salts  which  crystalUze  well.  On 
boiling  with  water,  especially  in  presence  of  an  alkali,  isethionic 
acid  is  asrain  formed.^ 


Amidisetkiokic  Acid,  or  Taurine,  C2H/NH2)S03H. 

483.  This  body  was  discovered  in  ISS-i  by  Leopold  Gmelin^  in 
ox-bile,  and  afterwards  investigated  more  completely  by  Demar- 
^ay,^  and.  by  Pelouze  and  Dumas.^  These  chemists,  however, 
overlooked  the  fact  that  taurine  contained  sulphur,  and  gave  to 
it  the  formula  CgH^NOg.  Its  correct  composition  was,  however, 
ascertained  by  Eedtenbacher.^ 

Taurine  occurs  in  bile  in  the  free  state,  but  chiefly  in  combina- 
tion with  cholic  acid  as  taurocholic  acid.  It  is  also  found  in 
the  kidneys,  lungs,  muscles,  &c. 

In  order  to  prepare  it  from  ox-bile  an  excess  of  hydrochloric 
acid  is  added,  the  whole  filtered  and  evaporated  until  a  treacly 
resinous  mass  separates  out.  The  watery  liquid  is  then  poured 
off  and  evaporated,  when  common  salt  separates  out,  formed 
from  the  sodium  salts  of  the  bile  acids.  The  solution  which  is 
poured  off,  is  mixed  with  strong  alcohol,  and  set  aside  until  the 
whole  of  the  taurine  crystallizes  out.  Alcohol  is  then  added 
and  the  whole  purified  by  recrystallization. 

Kolbe  first  obtained  taurine  artifically  by  heating  ammonium 
chlorisethionate  wdth  an  excess  of  aqueous  ammonia  to  140°."^ 

Taurine  is  tolerably  soluble  in  cold,  and  very  soluble  in  hot 
water,    crystallizing    in    large   transparent   monoclinic   prisms. 

1  F.  Cnrl,  Ber.  Deutsch  Chem.  Ges.  xiv.  63. 

2  Kolbe,  Ann,  Chem.  Pharm,    cxii.  241 ;  cxxii.  33. 

^  Tiedemaim  and  Gmelin,  Lie  Ferdauung,  i.  43,  690.     ' 
4  Ann.  Pharm,  xxvii.  286.  ^  lb.  xxvii.  292. 

«  lb.  Ivii.  170  ;  Ixv.  37. 
^  Ann.  Chem.  Pharm.  cxxii.  33. 

168 


56  THE  ETHYLENE  COMPOUNDS. 


The  crystals  grate  between  the  teeth,  and  have  a  cooling  but 
not  otherwise  characteristic  taste.  Its  aqueous  solution  has  a 
scarcely  preceptible  acid  reaction,  and,  from  this  solution,  alcohol 
precipitates  it  in  the  form  of  small  crystals,  which  under  the 
microscope  are  seea  to  possess  the  characteristic  prismatic  form. 
It  does  not  combine  with  acids,  nor  does  it  form  salts  of  definite 
composition  with  bases.  That  it  acts,  however,  as  a  weak  acid 
is  seen  from  the  fact  that  it  is  not  precipitated  from  its  solution 
in  alkalis  by  alcohol,  but  that  it  is  thrown  down  when  carbon 
dioxide  is  passed  through  the  solution. 

Like  other  amido-acids  (Part  I.  p.  460)  taurine  must  be  con- 
sidered as  an  ammonium  salt,  having  the  following  composition  : 

CH^— NH3 

I  i 

CH2.SO2  0. 

If  nitrogen  trioxide  be  passed  into  its  solution  in  dilute  nitric 
acid  it  is  converted  into  isethionic  acid.-^ 

Twuro-carhamic  Acid,  C,H^(NH.CO.NH2)S03H,  is  found  in 
the  urine  when  taurine  is  administered.  It  crystallizes  in 
glistening  quadratic  laminae,  easily  soluble  in  water.  The 
potassium  salt  of  this  acid  may  be  artificially  prepared  by 
evaporating  mixed  solutions  of  taurine  and  potassium  cyanate. 
If  the  acid  be  heated  with  baryta  solution  to  130° — 140°  it 
decomposes  into  taurine,  ammonia,  and  carbon  dioxide.^ 

484  Carhyl  Snl/phate  and  Ethionic  AcicL  From  the  foregoing 
constitutional  formula  it  is  clear  that  ethionic  acid  is  the 
sulphate  of  isethionic  acid  and  carbyl  sulphate  the  corres- 
ponding anhydride.  To  prepare  this  latter  compound,  sulphur 
trioxide  is  brought  into  a  vessel  well  cooled  with  ice,  and  then 
.a  tube  filled  with  absolute  alcohol  lowered  into  the  flask 
and  the  whole  tightly  closed.  When  the  sulphur  trioxide  has 
been  absorbed,  the  tube  is  brought  into  another  vessel  containing 
trioxide,  find  the  operation  repeated  until  a  sufficient  quantity 
of  the  crystals  have  separated  out,  the  fuming  sulphuric  acid 
which  is  produced  at  the  same  time  being  poured  off.  The 
crystals  are  brought  on  to  a  porous  plate  contained  in  a  vacuum 
■over  sulphuric  acid,  and  allowed  to  stand  until  they  no  longer 
:fume.  Carbyl  sulphate  forms  a  radiated  mass  of  crystals,  which 
jneltat  80°;  the  fused  mass  crystallizing  on  cooling.  -    It  absorbs 

^  Gibbs,  Sillim.  Am.  Journ.  [2],  xxv.  30. 

2  Saikowsky,  Ber.  Veutsch.  Chcm.  Ocs.  vi.  744  and  1191. 
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moisture  with  great  avidity,  teing  converted  into  etbionic  acid, 
which  is  only  known  in  aqueous  solution.  Its  salts  usually 
crystallize  well,  but  they  also  are  very  unstable. 

Di-isethionic  Acid,  0  -!  ri^H^O^TT"     '^^^   ^^t^  of   this   acid 

are  formed  by  gently  heating  the  isethionates.  The  acid  pre- 
pared from  the  barium  salt  has  only  been  obtained  as  yet  in 
the  form  of  a  thick  syrup. 

Ammonium  Bi-isethionate^  (CgH^SOgNHJ^O.  By  heating 
ammonium  isethionate,  Strecker  obtained  a  body  which  he 
believed  to  be  taurine.^  Seyberth  showed  that  this  is  not  the  case, 
and  he  considered  this  compound  to  be  the  amide  of  isethionic 
acid.  ^  Its  exact  composition  was,  however,  first  determined  by 
F.  Carl.  In  order  to  prepare  ammonium  di-isethionate,  am- 
monium isethionate  is  heated  for  some  hours  to  210° — 220°,  and 
the  residue  crystallized  from  boiling  alcohol.  It  forms  pearly 
glistening  laminse  which  melt  at  196° — 198°.  When  boiled 
with  baryta  water,  the  corresponding  barium  salt,  C^HgSgO^Ba 
+  HjjO,  crystallizes  out  in  thin  six-sided  tables.  It  is  also 
formed  when  barium  isethionate  is  heated  for  some  time 
to  200°. 

485  Ethylene  Bisulphonic  Acid,  02^^4(80311)2,  was  first  pre- 
pared by  Hofmann  and  Buckton  *  by  heating  propionamide  or 
propionitril  with  fuming  sulphuric  acid,  and  termed  by  them 
disulphetholic  acid  : 

OH3 

I  OH2.SO2.OH  r  Q^TT 

CH2  +  3S02(OH)2  =1  +  SO2]  JJh       -h  OO2. 

I  OH2.S02.0H  ^^^ 

ON 

Almost  simultaneously,  Buff^  obtained  it  by  oxidizing 
ethylene  thiocyanate  with  nitric  acid.  It  may  also  be  obtained 
in  the  same  way  from  ethylene  dihydrosulphide  and  ethylene 
thio-carbonate.  It  is  likewise  easily  formed  by  acting  on  acetic 
anhydride  with  concentrated  sulphuric  acid.''  The  free  acid  is  a 
very  deliquescent  crystalline  mass  which  yields  easily  soluble 

1  Ann.  Chem.  Pharm.  xci.  97. 

2  Ber.  DeiUsch.  C/iem.  Ges.  vii.  391. 

3  lb.  xii.  1604;  xiv.  65. 

*  Proc,  Roy.  Soc.  viii.  158. 

^  Ann.  Chem,  Pharm.  c.  232. 

*  Franchimont,  Compt.  Pend.  xcii.  1054. 
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salts  which  usually  crystallize  well.    These  have  been  completely 
studied  b}'-  Husemann> 

Eydroxy-ethylene  Disidphonic  Acid,  C2H3(OH)(S03H)2,  is 
formed  by  heating  potassium  isethionate  with  fuming  sulphuric 
acid.  It  forms  a  thick  strongly  acid  syrup.  Its  salts  are  very 
stable  and  crystallize  well.^ 


NITROGEN  BASES  OF  ETHYLENE. 

486  The  action  of  ammonia  on  ethylene  bromide  was  first  in- 
vestigated by  Cloez,  who  obtained  three  different  bases,  termed 
by  him,  Formyliac,  ]S[(CH)H2;  Acetyliac,  N(C2H3;H2 ;  and 
Propyliac,  N(C3Hg)Ho.^  At  the  same  time  Natanson  examined 
this  reaction  and  obtained  similar  bodies,  but  did  not  discover 
their  chemical  nature.^  A  clear  light  was,  however,  thrown 
upon  this  subject  by  the  investigation  of  Hofmann,^  who 
showed  that  the  action  of  ethylene  bromide  upon  ammonia 
is  similar  to  that  of  the  haloid  ethers  of  the  monatomic 
alcohol  radicals,  with  this  difference,  that  one  molecule  of 
ethylene  bromide  acts  upon  two  molecules  of  ammonia,  and 
that  the  bases  thus  formed  are  then  further  attacked  by  the 
ethylene  bromide,  as  shown  by  the  following  reaction,  in  which 
graphic   formulas    are    used    in    place    of    Hofmann's   typical 

formulae  : 

Kthylene-dianime. 

C,H,Br,    +     2NH3    =    C,H,/JJgj    +    2HBr. 

Diethylene- diamine. 

C,H,Br,    +    C,H /ggj    =    C,H /^H\Q^jj^    ^    2HBr. 

Triethylene-triamine. 

A 

CH.Br^  +C,n/         ^C^H,  =   C^H,      C^H,      C2H,  +  2HBr. 


^^NH^ 


•N- 


The  last  compound   unites  with  ethylene  bromide  to    form 
tetraethylammonium  dibromide,  N2(C2HJ^Br2. 

^  Ann.  Chem.  Pkarm.  cxxvi.  269.      "  Meves,  Ann.  Ckem.  Pharm.  cxiiii,  196. 

3  Jahresb.  1853,  468  ;  ih.  1858,  344  ;  Comptes  Rendm,  xlvi.  344. 

*  Ann.  Chem.  Pharm.  xcii.  48  ;  xcviii.  291. 

5  Compt.  Rend.  xlvi.  255 ;  xlix.  781  ;  Proc.  Hoy.  Soc.  x.  224. 
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At  the  same  time  other* reactions  take  place  ia  which  poly- 
ethylamines  corresponding  to  the  polyethylene  alcohols  are 
formed : 

Diethylene-triamine. 

SC^H^Br^  +  3NH3  =  NH  -f  4HBr. 

Trie  thylene-tri  amine. 

C,H,.NH,         C,H,.NH 

/  /  \ 

C^H.Br^  +  NH  =  NH  G,H,  +  2HBr. 

\  \  /'    * 

Triethylene-tetramine. 

NH 

SC^H.Br,  +  4NH3  =      C^H^  +  6HBr. 

/ 
NH 

an^.NH^ 

&c. 

In  the  case  of  diamines  containing  the  groups  NHg  or  NH 
the  hydrogen  in  these  groups  may  be  replaced  wholly  or  partially 
by- alcohol  radicals,  by  heating  the  diamines  with  the  haloid 
ethers.  Similar  compounds  are  also  formed  when  ethylene 
bromide  is  heated  with  the  primary  or  secondary  amines. 

The  tertiary  amines,  on  the  other  hand,  exhibit  a  different 
behaviour  towards  ethylene  bromide.  Apparently  an  addition- 
product  of  the  two  bodies  is  formed,  but  the  substance  produced 
is  the  monobromide  of  an  ammonium  containing  the  group 
CgH^Br,  as  for  example,  trimethyl-hromdhyl-ammoniimh  bromide, 
N(CH3)3(C2H4Br)Br.  Silver  salts  precipitate  only  one  half  the 
bromine  from  this  substance,  whilst  ammonia  v.'ithdraws  hydro- 
bromic  acid,  trimethyl-vinyl-amTiionium  Iromide,  N(CH3)3(C2H3) 
Br,  being  formed.  If  moist  silver  oxide  be  used  instead  of 
ammonia,  both  bromine  atoms  are  removed,  and  the  hydroxide 
of  the  vinyl  base,  N(CH3)3(C2H3)OH,  is  produced. 

From  the  foregoing,  it  is  seen  that  the  number  of  compounds 
of  this  group  is  numerous.  As,  however,  these  bodies  resemble 
the  compound  ammonias  and  ammonium  compounds  in  their 


60  THE  ETHYLENE  COMPOUNDS. 

chemical  relations,  it  will  here  be  sufficient  to  describe  the  more 
important  of  them. 

487  Ethylene  Diamine,  CgH^CNHg)^,  is  formed  together  with 
other  of  the  above-named  diamines  when  ethylene  bromine  acts 
for  some  time  on  alcoholic  ammonia  at  100°.  The  cooled  liquid 
is  then  poured  off  from  the  ammonium  bromide  which  separates 
out,  evaporated  to  dryness,  and  the  residue  distilled  with  caustic 
potash.  The  distillate  is  dried  over  solid  caustic  potash,  and 
then  fractionated  and  the  bases  thus  separated. 

For  the  preparation  of  large  quantities  of  ethylene  diamine 
the  by-product  obtained  in  the  manufacture  of  chloral,  and 
boiling  between  70°  and  100°,  can  be  utilized.^  This  is  a 
mixture  of  ethylene  chloride,  ethidene  chloride,  and  higher  sub- 
stitution-product.^, of  which  the  two  first-named  are  attacked 
by  alcoholic  ammonia  at  100° — 120°  As  soon  as  the  reaction  is 
complete,  the  liquid  is  separated  from  the  sal-ammoniac  and  the 
unaltered  chlorine  compounds  distilled  off.  From  the  residue  the 
hydrochloride  of  the  base  having  the  composition  C2H4(NH3C1)2 
separates  out  in  needles,  and  this  is  obtained  in  the  form  of 
silver-white  needles  after  frequent  recrystallization  and  washing 
with  alcohol,  in  which  it  is  insoluble.  The  brown  mother-liquor 
is  distilled  with  caustic  potash,  and  the  first  distillate  treated 
with  hydrochloric  acid,  when  another  yield  of  the  hydrochlorate 
is  obtained.  The  later  fractions  contain  the  higher  diamines, 
triamines,  &c. 

The  compound  obtained  by  distillation  with  caustic  potash 
from  the  salts  is  not  the  anhydrous  base  but  the  hydrate 
C2H^(NH2)2  +  HgO,  and  from  this  the  water  cannot  be  with- 
drawn even  by  barium  oxide,  and  it  boils  at  almost  the  same 
temperature  as  the  anhydrous  base.  Although  the  water  is  so 
intimately  combined,  the  com^pound  does  not  exist  in  the 
gaseous  form.  Cloez  found  the  specific  gravity  of  the  vapour 
to  be  1'427,  and  hence  he  concluded  that  formyliac  which  he 
believed  to  be  contained  in  the  salts  had  the  formula  N(CH)H2. 

Anhydrous  ethylene  diamine  can  only  be  obtained  by  repeated 
distillation  of  the  hydrate  over  sodium.  It  is  a  thick  liquid 
having  a  faint  ammoniacal  smell,  and  a  burning  taste.  It  is 
strongly  alkaline  and  easily  soluble  in  water.  It  boils  at  117° 
and  has  a  vapour  density  of  2'07. 

Ethylene  Diethyl  Diamine,  CgH^  |  ;^h(C  H  )'  ^^    formed   not 

^  Ber.  Deutsch.  Chem.  Ges.  iv.  666. 
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only  by  the  action  of  ethylamine  on  ethylene  bromide,  but  also 
by  that  of  ethyl  iodide  on  ethylene  diamine.  If  the  product  be 
distilled  with  water  and  silver  oxide,  and  the  distillate  allowed 
to  evaporate  in  a  vacuum,  the  hydrate  N2C2H^(C2H5)2H2  +  HgO 
is  obtained.  It  is  a  solid  mass  resembling  stearic  acid,  having 
an  ammoniacal  smell,  and  losing  water  in  contact  with  caustic 
baryta.     The  anhydrous  base  is  a  colourless  oily  liquid.^ 

DietJiylene  Diaviine,  '^^(^'^^^^2^  i^  ^  liquid  boiling  at  170° 
■which  unites  with  water  to  form  the  crystalline  hydrate.  By 
the  action  of  ethyl  iodide,  the  hydriodide  of  diethylcne  diethyl 
diamine,  N2(CoH4)2(C2H5)2,  is  formed.  The  free  base  boils 
at  185°. 

Triethylene  Diamine,  1^^{Q>^^.^,  boils  at  about  210°,  and  is 
easily  soluble. 

Diethylene  Triamine,  ^3(02114)2115,  is  an  oily  liquid  soluble  in 
water  and  boiling  about  208°  Treated  with  an  excess  of  hydro- 
chloric acid  it  yields  the  salt  N3(C2H4)2lIgCl3,  which  crystallizes 
well  and  combines  with  platinum  chloride  to  form  the  compound 
[N3(C2Hj2^8]2(^*'CJlg)3,  crystallizing  in  golden  yellow  needles 
which  decompose,  however,  on  recrystallization.^ 

Triethylene  Triamine,  ^3(02114)3113,  boils  with  partial  decompo- 
sition at  about  216°,  and  forms,  in  strongly  acid  solution,  well 
crystallizable  salts  containing  three  eijuivalents  of  acid.  When 
only  a  weak  acid  solution  is  used,  salts  are  formed  which  contain 
only  two  equivalents  of  acid,  and,  if  the  free  base  be  added  to 
this  solution,  salts  containing  a  still  smaller  quantity  are  formed. 
The  platinichloride  [N3(C2H4)  H^Jg  (PtClglg,  is  tolerably  soluble 
an  water,  and  crystallizes  in  long  golden-yellow  needles.  Besides 
this, .another  compound,  [N3(C2H4)3HJ2  I'tClg,  is  known,  crystal- 
lizing in  large  prisms. 

Triethylene  Tetramine,  ^^Jfi^^^^,  is  a  thick  syrup.  Its 
platinum  compound,  N4(C2H4)3Hj(j(Pt01g)2,  is  a  i[)d^e  yellow 
amorphous  almost  insoluble  precipitate. 

1  Proc.  Roy.  Soc,  x.  104  and  596, 

2  lb.  X.  619;  xi.  413. 


62  THE  ETHYLENE  COMPOUNDS. 


Ethylene  Oxide  Bases.^ 

488  Ethylene  oxide  combines  with  aqueous  ammonia  with 
evolution  of  heat,  when  the  following  bases  are  formed : 


Oxyethylamine. 

C^H.O    +    NH3    = 

n  H  /NH, 

Dioxyethylamine. 

NH2 

NH, 

it 
/ 

/ 

■■    CjH^ 

OH 
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/ 

C,H,^ 

OH. 

Trioxyethylamine, 
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NHj 

^2^4 
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C^H.O    +    C^H, 
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/ 
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-    C,H, 

•   / 

\ 

CgH^ 
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/ 

OH 

C.,H, 

\ 

OH. 

These  bodies  remain  on  evaporation  as  syrupy  liquids  having 
a  strong  alkaline  reaction.  In  order  to  separate  them,  they  are 
neutralized  with  hydrochloric  acid,  evaporated,  and  the  residue 
exhausted  with  absolute  alcohol,  when  hydrochloride  of  tri- 
oxyethylamine remains  behind.  The  solution  is  evaporated 
again  to  a  syrup,  and  from  this  the  salt  of  oxyethylamine  is 
allowed  gradually  to  crystallize  and  the  crystals  are  then  washed 
with  alcohol.  A  more  complete  separation  is  effected  by  means 
of  the  platinichlorides.  For  this  purpose  a  concentrated  solution 
of  platinum  chloride  is  added  to  the  alcoholic  solution,  when  the 
salt  of  dioxyethylamine  crystallizes  out.  Ether  is  then  added  to 
the  mother-liquor,  which  precipitates  some  more  of  this   salt, 

^  "Wurtz,  Comvtcs  Ecndics,  xlix.  898  ;  liii.  338  ;  Ann.  Ckem.  Pharm.  cxiv.  51  ; 
xxi.  226. 
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until  at  last  golden-yellow  scales  of  the  monoxyethylammonium 
platinichloride  make  their  appearance.  By  decomposing  these 
compounds  with  sulphuretted  hydrogen,  the  hydrochlorides  of  the 
two  bases  are  again  formed.  These  are  formed  together  when 
ethylene  chlorhydrin  is  heated  with  ammonia  to  100°. 

The  bases  are  obtained  from  the  hydrochlorides  by  decompo- 
sition with  silver  oxide.  They  are  thick  strongly  alkaline  liquids 
which  have  not  been  further  examined. 

Oxyethylammonmm  Chloride,  C^^{011)^YL^Q\,  forms  small 
crystals  melting  at  100°. 

DioxyetJiylammonium  Chloride,  (C2HJ20(0H)NH3C1,  is  very 
easily  soluble  in  water  and  alcohol,  and  on  the  addition  of 
platinum  chloride  deposits  the  platinichloride  [(C2HJ20(0H) 
NH3]2PtClj3,  in  large  crystals  resembling  those  of  potassium 
dichromate. 

Trioxyethylammonium  Chloride,  (C2H^)302(0H)NH3C1.  crys- 
tallizes from  water  in  large  rhombohedrons. 

"When  trioxyethylamine  is  warmed  with  ethylene  oxide,  higher 
polyoxyethylamines  are  formed,  their  basic  properties  decreasing 
with  increase  of  oxygen.  They  have  not  been  separated  from 
one  another,  as  neither  they  nor  their  salts  crystallize. 

Ethylene  oxide  and  ethylene  chlorhydrin  combine  together 
with  amines  to  form  oxy-bases  or  their  hydrochlorides.  Of 
these  the  following  compounds  have  the  greatest  interest. 


CHOLINE  AND  NEURINE. 

489  In  the  investigation  of  the  constituents  of  ox  and  swine's 
bile  Strecker  discovered  a  base  to  which  from  analysis  of  its  salts 
he  gave  the  formula  CgHj^gNO,  and  termed  it  Choline,^  ix^^Vt 
bile).  Liebreich  at  a  later  period  obtained  a  basic  compound  as 
a  decomposition-product  of  protagon,  a  body  possessing  a  com- 
plicated constitution  and  forming  the  chief  constituent  of  the 
materials  of  the  brain  and  nerves.  This  basic  substance  he 
termed  Nciirine  [vevpov,  nerve), ^  and  from  analysis  gave  to  it  the 
formula  GgH^^N.  The  same  compound  was  farther  investigated 
byBaeyer,who  found  that  it  isozyethyl-trimethyl-ammonium  hy- 
droxide, NfCgH^.OH)  (CH3)30H.  Hydriodic  acid  converts  it 
into   the  compound  N(C2H4l)   (€££3)31,  and  this  when  treated 

^  Ann.  Chem.  PJunm.  cxxiii.  353.  ^  Ih.  cxxxiv.  29. 
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with  silver  oxide  and  water  yields  the  vinyl  base,  N(C2H3)(CH3)3 
OH.^  The  same  body  was  also  obtained  by  Hofmann  in  a 
similar  way  from  the  corresponding  bromine  compound,  which 
latter  compound  is  obtained  by  the  action  of  ethylene  bro- 
mide on  trimethylamine.  Baeyer  then  suggested  that  neurine 
is  probably  identical  with  choline  as  well  as  with  sincaline, 
a  base  formerly  prepared  by  von  Babo  and  Hirschbrunn  as  a 
product  of  decomposition  of  sinapin,  a  compound  occurring  in 
white  mustard-seeds  (sinapis  alba).^  The  truth  of  this  sug- 
gestion was  soon  afterwards  proved  by  the  investigations  of 
Dybkowski,^  and  of  Claus  and  Keese.^ 

Wurtz  then  prepared  the  base  synthetically.  He  obtained 
the  chloride  by  heating  ethylene  chlorhydrin  with  trimethylamine 
and  prepared  the  base  itself  by  bringing  a  concentrated  solution 
of  this  amine  together  with  ethylene  oxide,  and  allowing  the 
mixture  to  stand  for  a  day  :  ^ 

C^H.O  +  H3O  +  N(CH3)3  =  N(C2H,.OH){CH3)30H. 

Further  experiments  of  Liebreich  then  showed  that  the  oxyethyl 
base  is  only  formed  when  an  alcoholic  or  ethereal  extract  of 
brain  is  used.  Pure  protagon  on  the  other  hand  yields  on 
boiling  with  baryta-water,  the  vinyl  base  to  which  he  restricts 
the  name  of  neurine,  suggesting  that  the  oxethyl  base  should  be 
termed  Biliiuurvnc.^ 

Choline,  Bilincurinc,  or  Oxyethyl-trimethyl-avwicnium  Hy- 
droxide, ]SI(C2H^OH)(CH3)30H,  is  formed  as  a  decomposition- 
product  of  lecithin,  a  compound  which  will  be  described  under 
Glycerin,  and  which  occurs  in  gall,  the  yolk  of  egg,  &c.  The 
best  method  for  preparing  choline  is  according  to  Diakonow' 
to  extract  the  yolk  of  egg  repeatedly  with  ether  and  after- 
wards with  warm  alcohol.  The  ether  and  alcohol  are  afterwards 
distilled  off,  the  residue  boiled  for  an  hour  with  baryta  and 
the  excess  of  baryta  precipitated  with  carboa  dioxide,  and  the 
filtrate  evaporated.  The  residue  is  extracted  with  absolute 
alcohol,  and  the  solution  precipitated  with  platinum  chloride. 
The  precipitate  is  then  dissolved  in  water,   and  the  platinum 

^  Ann,  Chem.  Pharm.  cxl.  306  ;  cxlii.  322 

2  lb.  Ixxxiv.  10. 

^  Jnurn.  Prakt,  Clicm.  <;.  151. 

*  II.  cii.  24. 

5  Ann.  Chem.  Pharm.  Suppl.  vi. 

^  £cr.  Deutsch.  C/iem.  Ges.  li.  12. 

7  Chem.  Centralb.  1868,  140,  169,  575. 
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thrown  down  with  sulphuretted  hydrogen.  By  the  action  of  silver 
oxide  on  the  choline  hydrochloride  thus  ohtained,  a  strongly 
alkaline  solution  of  the  free  base  is  produced,  and  this,  on 
evaporation,  remains  behind  as  a  syrupy  liquid. 

Oxi/ethyl-triviefhyl-ammoninm  Chloride,  ^(CaH^OH)  (0113)301. 
Like  most  of  the  choline  salts  this  is  a  deliquescent  substance, 
crystallizing  from  absolute  alcohol  in  fine  needles.  The  platini- 
chloride,  [N(C2H40H)  (CH3)3]^PtOlQ,  crystallizes  from  hot  water 
in  orange-yellow  rhombic  prisms  or  tables,  and  is  insoluble  in 
alcohol.  The  aurichloride,  N(02H^OH)(OH3)3AuCl4,  is  precipi- 
tated from  the  hot  saturated  aqueous  solution  in  long  yellow 
prisms.  The  sulphate  is  amorphous  and  very  soluble  in  water 
but  scarcely  dissolves  in  absolute  alcohol.  The  carbonate  is  very 
deliquescent,  and  also  amorphous;  it  has  an  alkaline  reaction, 
and  its  aqueous  solution  is  not  precipitated  by  alcohol.  The 
iodethyl-trimethyl-amvionium  iodide,  NCoH^l (0113)31,  has  already 
been  mentioned.  It  crystallizes  from  alcohol  in  large  glistening 
imperfectly  formed  crystals  resembling  those  of  potassium  iodide. 

Choline  is  not  only  an  ammonium  hydroxide,  but  also 
an  alcohol.  On  oxidation  it  is  converted  into  oxy-clioline, 
N(OH2.002H)  (CH3)30H,  a  body  which  will  be  described  under 
the  glycol  compounds. 

Neitrine,  or  Vinyl'trimethyl-ammonium  Hydroxide,  N(02H3) 
(0H3)30H.  This,  as  has  been  mentioned,  was  first  discovered 
by  Hofmann.^  The  free  base  is  only  known  in  aqueous  solu- 
tion, and  has  a  strongly  alkaline  reaction.  The  platinichloride, 
[]Sr(02H3)(OH3)3]2Pt01g,  is  easily  soluble  in  water,  and  crystallizes 
in  yellow  octohedrons,  or  in  five-sided  tables  which  soon  become 
opaque,  and  then  on  solution  in  water  leave  a  residue,  whilst 
choline  platinichloride  remains  in  solution  (Liebreich). 


PHOSPHORUS   BASES   OF   ETHYLENE. 

490  The  tertiary  phosphines  of  the  monad  radicals  act  readily 
on  ethylene  bromide,  giving  rise  to  two  series  of  compounds,  the 
relative  quantities  of  which  depend  upon  the  proportions  in 
which  the  .bodies  are  mixed.     The  compounds  obtained  from 

1  Ann,  aiiim.  Phys.  [3],  liv.  356. 
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triethyl-phosphine   will   here   only   be    described.       "With  this, 
ethylene  bromide  yields  the  following  bodies :  ^ 

P(GA)3  +  CMfiv,  =  P(C,H,Br)(C,K,)3Br. 
2P(CA)3  +  C,H,Br,  =  F,{C,-H,){G,-K,),Br,. 

Broviethyl  triethT/l-phosphonium  Bromide,  P(C2H4Br)(C2H5)3Br, 
is  formed  by  heating  an  ethereal  solution  of  triethyl  phosphine 
with  excess  of  ethylene  bromide.  The  product,  which  also  con- 
tains the  above-mentioned  dibromide,  is  washed  with  ether,  and 
crystallized  from  absolute  alcohol.  It  is  soluble  in  water  and 
alcohol,  and  crystallizes  in  rhombic  dodecahedrons.  When  its 
solution  is  treated  with  silver  chloride,  and  platinum  chloride 
added  to  the  hot  filtrate,  long  orange-yellow  prisms  of  the 
compound  [P(C2H4Br)(C2H5)3J,PtClg  are  deposited. 

Oxyethyl-iricthyl-plios'phonmm  Hydroxide,  V[G^fiH){G^^.^ 
OH,  is  obtained  by  boiling  the  bromide  solution  with  silver 
oxide.  The  strongly  alkaline  solution  dried  over  sul- 
phuric acid  yields  a  syrup.  The  base  yields  with  acids  well 
crystallizable  salts.  The  hydroxide  decomposes,  on  heating,  into 
ethylene,  water,  and  triethylphosphine.  When  treated  with 
phosphorus  pentachloride,  the  crystalline  compound,  cklorethyl- 
triethyl-pJiospJionitcm  chloridcj  N(C2H^Ci) (02115)301,  is  formed. 

Vinyl-triethyl-phosplwnitiiii  Compounds.  When  bromethyl- 
triethyl-phosphonium  bromide  is  boiled  Avith  water  and  silver 
acetate,  and  the  silver  bromide  filtered  off,  and  platinum  chloride 
added  to  the  concentrated  solution,  octohedrons  of  the  vinyl  salt, 
[^{G^^.;i{Q^.)^]^iQ\,  are  deposited. 

Mhylene-hexethyl-phosphonium  Dihromide,  Vfi2B.^{C2^^)QBr^,  is 
contained  in  the  mother- hqu or  of  the  above  monobromide. 
It  is  best  obtained  in  the  pure  state  by  heating  ethylene  bromide 
with  an  excess  of  triethylphosphine.  It  crystallizes  in  white 
needles.  Treated  witli  silver  oxide  and  water  it  yields  a  strongly 
alkaline  hydroxide  having  a  bitter  taste,  and  drying  in  a  vacuum 
to  a  syrupy  mass.  Its  salts  crystallize  well.  The  chloride  is 
very  soluble  in  water,  and  crystallizes  in  large  tables.  The 
iodide  is  difficultly  soluble  in  cold  water,  and  separates  from 
hot  solution  in  fine  white  rhombic  needles.  As  it  crystallizes  so 
easily,  and  therefore  can  be  easily  obtained  pure,  this  salt  is  well 
suited  for  the  preparation  of  other  diphosphonium  compounds. 
The  platinichloride  is  almost  insoluble  in  water,  and  separates 
from  hot  hydrochloric  acid  in  monoclinic  crystals. 

1  Froc.  RoiJ.  Soc.  x.  100;  Ann.  Chem.  Pharm.  Suppl.  i.  151. 
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ARSENIC  BASES  OF  ETHYLENE. 

491  These  compounds  are  closely  allied  to  the  foregoing 
phosphorus  bases. 

Bromethyl-triethyl-arsonium  Bromide,  As(C.^H4Br)  (C^HJgBr, 
is  formed  by  heating  ethylene,  bromide  with  triethylarsine.  It 
crystallizes  from  hot  water  in  rhombic  dodecahedrons,  and  yields 
a  finely  crystalline  platinichloride.  By  warming  the  monobromide 
with  water  and  silver  oxide  a  strongly  alkaline  solution  of  vivyl- 
triethyl-arsonium  hydroxide^  As(C2H3XC2H5)30H,  is  obtained. 
The  platinichloride  of  this  body  crystallizes  in  fine  octohedrons. 

EthyUne-hexethyl-arsonmni  Bibromidey  A.^^G^-lJiO^^fiv^,  is 
obtained  when  the  above  monobromide  is  heated  with  triethyl- 
arsine to  150°,  It  is  converted  by  silver  oxide  and  water  into  the 
hydroxide,  the  salts  of  which  crystallize  well.^ 

Hofmann  has  obtained,  besides  these,  a  large  number  of  mixed 
ethylene  bases  containing  nitrogen  and  phosphorus,  nitrogen  and 
arsenic,  or  phosphorus  and  arsenic.  These  bodies  are  very 
similar  in  their  properties  to  those  already  described.^ 


ETHIDENE  OR  ETHYLIDENE  COMPOUNDS. 

492  T\\QT2,({\cdl  ethidene  or  ethylidene  does  not  exist  in  the  free 
state.  The  oxide  has  already  been  described  as  acetaldehyde, 
CH3.CHO,  and  it  has  been  stated  that  the  corresponding  alcohol 
or  ethidene  glycol  is  not  known,  but  that  it  probably  exists  in 
aqueous  solution  (p.  13).  Trichlorethidene  glycol,  or  chloral 
hydrate,  is,  however,  known,  together  with  a  number  of  other 
ethidene  and  trichlorethidene  compounds  which  are  hereafter 
described. 

Ethidene  Diethyl  Ether,  or  Acetal,  CH3.CH(OC2Hj2.  In  ex- 
amining the  products  of  the  slow  combustion  of  alcohol  over 
platinum-black  Dobereiner  found,  amongst  other  products,  a 
liquid  to  which  he  gave  the  name  of  heavy  oxygen  ether. 
This  was  afterwards  investigated  in  1833  by  Liebig,  who  termed 
it  acetal,^  Stas  then  found  that  the  same  substance  is  formed  when 
chlorine  acts  upon  alcohol,  and  he  it  was  who  first  gave  to  this 

^  Fofmann,  Proc.  Roy.  Soc.  xi.  62  ;  Ann.  CJiem.  Fharm.  Suppl.  i.  306. 
2  Ih.  u  289.  ^  Ann.  Pliarm.  v.  25;  xiv.  156. 
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body  its  correct  formula.^  Its  constitution  was  determined  by 
Wurtz  and  Frapolli.  They  obtained  it  by  treating  aldehyde  with 
phosphorus  pentabromide,  and  by  then  acting  upon  the  product, 
which  according  to  their  vie\vs  (p.  72)  contained  ethidene 
bromide,  with  sodium  ethylate.^ 

It  is  also  formed  by  heating  alcohol  with  aldehyde  :  ^ 

CH3.CHO  +  2HO.C2H5  =  CH3.CH(OC2H5)^2  +  H2O. 

This  reaction  takes  place  slowly  in  the  cold,  and  hence  acetal 
forms  one  of  the  constituents  of  crude  spirit  and  is  contained 
in  the  faints  obtained  in  the  process  of  rectification  ^  (Part  I. 
p.  295).    According  to  Dobereiner  it  is  also  contained  in  old  wine. 

In  order  to  prepare  acetal,  a  mixture  of  two  parts  of  alcohol, 
three  parts  of  manganese  dioxide,  two  parts  of  water,  and  three- 
parts  of  sulphuric  acid  is  distilled  in  a  capacious  flask  until  three 
parts  have  passed  over,  the  distillate  dried  over  chloride  of 
calcium  and  rectified,  and  the  portion  boihng  above  60°  collected  ; 
this  is  again  dried  aud  then  further  rectified.  On  heating  with 
strong  caustic  potash,  the  aldehyde  and  ethyl  acetate,  which  it  is 
difficult  to  separate  from  the  acetal,  are  destroyed ;  then  the 
whole  is  treated  with  fused  calcium  chloride,  and  lastly  purified 
by  fractional  distillation.^ 

Acetal  is  a  mobile  liquid  having  a  pleasant  fresh  smell  and  a 
nutty  after-taste.  It  boils  between  104°  and  106°,  and  has  at 
22°-4  a  specific  gravity  of  0'821.  It  is  easily  converted  into 
aldehyde  and  acetic  acid  by  means  of  oxidizing  agents.  When 
heated  with  acetic  acid  it  is  converted  into  ethyl  acetate  and 
aldehyde.*^ 

Chlorine  gives  substitution-products  similar  to  those  which 
are  obtained  by  the  action  of  chlorine  upon  alcohol. 

493  MonocMor acetal,  CH2CLCH(OC2H5)2,  is  not  obtained  pure 
in  this  way,  as  the  substitution  easily  goes  further.  It  is  best 
prepared  by  treating  dichlorether  (Part  I.  p.  339)  with  sodium 
ethylate  or  absolute  alcohol ; 

CH,C1.CHC1.0C,H,  +  NaOC.H,  =  CH,C1.CH(0C,H,),  +  NaCl. 

'  Ann.    Chim.  Phys.  [8],  xix.  146. 

'^  Comjytes  Rendus,  xlvii.  43  8;  Ann.  Cliem.  Plmi-m,  cviii.  223 

3  Geuther  and  Alsberg,  ih.  cxxvi.  62. 

*  Kramer  and  Pinner,  Bcr,  Deutsch.  Ohcm.  Ges.  ii.  401. 

5  WuTtz,  Ann.   CJiem.  Pharm.c.  116;  Ann.  Chim.  Phys   [3]   xlviii   370 

"  Beilstem  and  Hofacker,  Ann.  Chem.  Phorm.  cxii.  239.         ' 
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Monochloracetal  is  a  pleasantly- smelling  liquid  boiling  at 
156°'8,  and  having  a  specific  gravity  of  1'0418  at  0°.^  When 
heated  with  sodium  the  following  reaction  takes  place  : 

OC,H, 

CH^CLCH  -i-  2Na  =  CH^- CH.OC^H,  +  NaOC^H^  +  NaCL 

Vinyl-ethyl  ether  thus  obtained  is  a  mobile  liquid  boiling  at 
35°'5,  possessing  a  peculiar  ethereal  smell,  and  having  at  14°*5 
a  specific  gravity  of  0'7625.  It  unites  with  chlorine  again 
to  form  dichlorether,  and  it  is  decomposed  by  the  action  of 
dilute  sulphuric  acid  into  alcohol  and  aldehyde.^ 

Dichloracetal,  CHCl2.CH(OC2H5)2,  is  formed  easily,  together 
with  trichloracetal,  by  the  action  of  chlorine  upon  alcohol 
(Liehen)  and  acetal.^  It  is  an  aromatic-smelling,  oily  liquid, 
boiling  at  183° — 184°,  and  having  at  14°  a  specific  gravity  of 
1'1383.  "When  heated  with  sulphuric  acid  it  forms  dichloracet- 
aldehyde,  CHCI2.COH,  a  heavy,  mobile  liquid,  boiHng  at  88° — 
90°,  and  converted  into  acetylene  tetrachloride  by  the  action  of 
phosphorus  pentachloride.* 

Trichloracetal  will  be  described  further  on. 

Monobromacetal,  CH2Br.CH(OC2ll5)2,  is  formed  by  the  action 
of  bromine  upon  acetal.  It  is  a  heavy  not  unpleasantly-smelling 
liquid  boiling  at  170°  with  partial  decomposition.^ 

The  above  named  vinyl-ethyl  ether  combines  with  bromine  to 
form  the  dibrom-ether  which  decomposes  on  heating  and  which 
when  heated  with  sodium  ethylate  yields  monobromacetal. 

By  heating  with  alcoholic  potash  it  is  converted  into  Hydroxij- 
acetal,  CH2.0H.CH(OC2H5)2,  apleasantly-smeUinghquid  boiling 
at  167°.  The  ethyl  ether,CH2(OC2H,)CH(OC2H5)2,  corresponding 
to  this  alcohol,  is  formed  when  bromacetal  is  heated  with  sodium 
ethylate,  and  is  a  liquid  boiling  at  164°,  and  having  an  ethereal 
smell  (Pinner). 

Ethidene- ethylene  Dioxide^  (03114)202,  is  formed,  according  to 
Wurtz,  when  aldehyde  is  heated  for  several  weeks  with  glycol  to 
100°: 

^  Lieben,  Ann.    Chem,  Pharm    cir.  114;  cxivi.   193  ;  Patem6  and  Mazzara, 
Ber.  Deutsch.  Ghevi.  Ges.  vi.  1202 ;  Klien,_  Jaliresh.  1876,  336. 
2  Wislicenus,  Ann.  Chem.  Pharm.  cxcii.  106, 
3. Pinner,  ih.  e-lxxix.  33;  Erey,  JaJircah.  187t?,  474. 
*  Patem6,  Comptes  Jiendtis,  Ixvii.  456. 
**  Pinner,  Liebiifs  Ann.  clxxix.  33  ;  Krey,  Jahrcsh,  1876,  474. 
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CH,.OH  CH2.0\ 

I     ^        +  CHO.CH3  =  I  CH.CH3  +  H2O. 

CH2.OH  ,   CH2.O/ 

It  is  a  pungent  but  not  unpleasantly-smelling  liquid,  boiling  at 
82°'5,  and  at  0°  having  a  specific  gravity  of  1'0002,  whilst  that 
of  the  vapour  is  3 '103.* 

Mhidene     Mcthyl-ctliyl     Ether,       or      Meiliyl-ethyl      Acetal, 

CH3CH  \  f\rAy  ^i  "^vas  obtained  by  Wurtz  by  oxidizing  a  mixture 

of  alcohol  and  wood-spirit  with  manganese  dioxide  and  sulphuric 
acid.  It  is  a  liquid  smelling  like  common  aceta],  boiling  at  85°, 
and  having  a  specific  gravity  at  0°  of  0'8535. 

EtMdene  Dimethyl  Ether,  or  Dimethyl  Acetal,  CH3.CH(OCH3)2, 
is  formed  together  with  the  foregoing  compound.  It  has  a  strong 
ethereal  smell,  boils  about  65°,  and  at  0°  has  a  specific  gravity  of 
0"8556.     Dancer  found  this  compound  in  crude  wood-spirit.^ 


ETHEREAL    SALTS   AND    ETHERS   OF 
ETHIDENE. 

494  EtMdene  Bichloride,  or  Diehlor ethane,  CH3.CHC12,  was 
first  prepared  by  Eegnault  by  acting  with  chlorine  upon  ethyl 
chloride.^  By  treating  aldehyde  with  phosphorus  pentachloride 
both  Geuther  *  and  Wurtz  ^  obtained  a  compound  having 
the  same  composition  but  believed  to  be  a  body  differing  from 
Kegnault's  dther  hydrochloriqite  monochlor^e,  until  Beilstein^ 
showed  that  the  two  are  in  reality  identical.  Ethidene  chloride 
is  also  formed  by  the  action  of  phosphorus  chloride  on 
paraldehyde.'' 

For  the  purpose  of  preparing  it  from  ethyl  chloride,,  the 
vapour  of  this  substance  is  passed,  mixed  with  chlorine,  over 
animal  charcoal  heated  to  250°— 400°.^  It  is  still  more  simply 
obtained  by  fractional  distillation  from  the  by-products  of  the 
chloral-manufacture.^ 

Ethidene  chloride  is  an  ethereal-smelling  liquid  having  a  sweet 
and   biting   taste.     It  boils  at  59°-9,  and  at  0°  has  a  specific 

1  Comptes  lirnchcs,  liii.  378  ;  Ann.  Chem.  Pharm.  cxx.  328. 

2  Chem,  Soc.  Joum.  xvii.  222.  3  Ann.  Chim,  Phys.  [2],  Ixxi.  353. 
*  Ann.  Chem.  Fharm.  cv.  321.  5  Compt.  Roul.  xlv.  1013. 

6  Ann.  Chem.  Fharm.  cxiii.  110.  7  Geuther,  Zeitsch.  Cliem,  1865,  24. 

^  Damoiseaii,  Bull.  Soc  ChiTn.  xxv.  113. 
^  Kramer,  Ber.  Dcutsch,  Chem,  Gcs,  iii.  257. 
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gravity  of  1"2044  (Thorpe).  It  is  a  very  stable  compound,  and 
may  be  distilled  without  alteration  over  potassium.  Heated 
with  sodium  to  200°  chlorethylene,  acetylene,  ethane  and  ethylene 
are  formed.^  It  is  attacked  by  alcoholic  potash  with  difficulty. 
Heated  with  sodium  etliylate,  it  forms  chlorethylene,  CgHgCl, 
and  a  little  acetal.  By  the  further  action  of  chlorine  it  yields 
first  trichloretkane  or  dichlorethyl  chloride,  CHgCCl.^,  and  mono- 
chlorethylene  dichloride,  CHgCLCHClg  (p.  41).'  The  first  of 
these  is  a  body  resembling  ethidene  dichloride,  boiling  at  74°*5 
and  having  at  0°  a  specific  gravity  of  1'3465.  It  is  attacked  by 
alcoholic  potash  only  with  difficulty  on  heating  with  formation  of 
potassium  chloride  and  potassium  acetate  : 

CH3  CH3 

I         -f  4K0H  =  I  +  3KC1  +  2H2O. 

CCl,  CO.OK 

Higher  chlorine  substitution-products  cf  these  bodies  have 
already  been  described  (p.  42). 

Ethidene  mhromide,  CHg.CHBrg,  was  prepared  by  Hofmann  3 
by  heating  ethyl  bromide  with  bromine,  and  afterwards  examined 
by  Caventon,^  Eeboul,^  and  Tawildarow.® 

It  is  formed  also  by  the  action  of  phosphorus  bromochloride, 
PBrgClg,  on  aldehyde/  as  well  as  by  heating  monobromethylene 
with  hydrobromic  acid  (Beboul).  It  is  a  liquid  which  boils  at 
110°,  and  at  10°  has  a  specific  gravity  of  2129. 

Ethidene  Di-iodide,  CH3.CHI2,  is  formed,  according  to  Gus- 
tavson,  ^^hen  ethidene  chloride  is  heated  with  a  solution  of 
aluminium  iodide  in  carbon  disulphide.  It  is  a  liquid  boiling 
with  decomposition  at  177°— 179°,  and  having  a  specific  gravity 
of  2-84  at  0°.s 

r  01 

Ethidene    Chlorcthylate,   CH3.CH -j  q^  ^  ,  was   obtained   by 

Wurtz  and  FrapoUi  by  passing  a  current  of  hydrochloric  acid 
into  a  mixture  of  aldehyde  and  absolute  alcoTiol.  This  compound 
is  identical  with  monochlorether  and  by  treatment  with  sodium 
ethylate  is  converted  into  acetal. 

495  Ethidene   Oxychloride,    (CH3.CHC1)20.     This  compound, 

1  ToUens,  Ann.  Chem.  Fharm.  cxxxvii.  311.  2  S'iidel,  ih.  cxcy.  183. 

3  Proc.  Roy.  Soc.  x.  619.  -^  Comyt.  lUnd.  \\\.  lu^O. 

6  7j^  ]xx.  398.  ^  ^f^f^-  Chem.  Fharm,    clxxvi.  12. 

■^  Pateni6  and  Pisati,  Ber.  Dcutsch.  Chem.  Gcs.  v.  289. 
8  Ih.  vu.  731. 
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metameric  with  dichlorether,  was  obtained  by  Liebeu/  by  the 
action  of  hydrochloric  acid  on  well-cooled  aldehyde.  According 
to  Geuther  and  Cartmellj^  the  compound  CgH^2^^2*^2  is  first 
produced,  and  this  maybe  considered  to  be  paraldehyde  in  which 
one  atom  of  oxygen  is  replaced  by  two  of  chloi'ine,  and  the 
following  reaction  taking  place  : 

OCHCI.CH3 

3CH3.CHO  +  2HC1  =  CH3.CH  -h  H2O. 

\ 
OCHCI.CH3 

This  body  decomposes  on  distillation  into  aldehyde  and  ethidene 
oxychloride : 

OCHCl.CH,  CHCl.CHo 

/  / 

CH3CH  =CH3.CH0  +  0 

\  '  \ 

OCHCLCH3  CHCI.CH3. 

Ethidene  oxychloride  is  a  liquid  boiling  at  116° — 117°,  and 
having  at  12°  a  specific  gravity  of  1*1376.  When  heated  with 
water  it  decomposes  into  hydrochloric  acid  and  aldehyde,  and  by 
the  action  of  zinc-ethyl  it  is  converted  into  secondary  butyl 
oxide.^ 

EiMdcne    Chloracctin,    ClTg.CH  -j  ^  p^  p-rr  ,  was  obtained  by 

Wurtz,  together  with  acetyl  chloride,  by  the  action  of  chlorine 
upon  aldehyde.^  Maxwell-Simpson  prepared  it  also  by  heat- 
ing aldehyde  with  acetyl  chloride.^  It  is  a  liquid  boihng  at 
120''  — 124°,  having  an  aromatic  smell,  is  lighter  than  water  and 
only  slowly  decomposed  by  this  liquid.  It  dissolves  in  dilute 
^caustic  potash  with  formation  of  aldehyde,  potassium  acetate  and 
potassium  chloride. 

Ethidene  Bromacetiyi,  CHg.CH  I  q  COCH  '  ^^®  ^'^^^  prepared 
:by  Wurtz  and  FrapoUi  by  treating  aldehyde  with  phosphorus 
jpentabromide,  and  was  considered  to  be  ethidene  bromide  until 
Tawildarow  pointed  out  its  true  constitution,  inasmuch  as  he 
^obtained  it  by  heating  aldehyde  with  acetyl  bromide.®  It  is 
.formed  according  to  the  equation  : 

^  Ann,  Chem.  P'arm.  cvi.  336.  =  jb.  cxii.  13. 

**  Kessel,  Ann.  Chem..  PJiarm.  clxxv.  44. 

*  Ann.  Chim.  Fhy.-i.  [3],  xlix.  58.  ^  Phil.  Mag.  [4],  xvii.  196, 

^  An7i.  Chein,  Pharm.  clxxvi.  12. 
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2COH.CH3  +  PBr,  =  0  I  chSh3  +  ^^'  +  ^^^3- 

It  boils  between  135°  and  145°  with  partial  decomposition. 

Ethidene  Diacetate,  CH3.CH(OC2li30)2,  is  formed  by  heating 
aldehyde  with  acetic  anhydride/  to  180°,  and  when  alcoholic 
solutions  of  potassium  acetate  and  chloracetin  are  mixed  together.^ 
It  is  a  liquid  having  a  peculiar  smell  resembling  onions,  and 
boils  at  168°-8,  whilst  its  specific  gravity  at  12°  is  1'061.  It  is 
only  slowly  decomposed  by  water  ;  caustic  potash  decomposes  it 
into  aldehyde  and  acetic  acid. 


Ethidene  Sulphite  Compounds. 

496  In  the  year  1853  Bertagnini  made  the  observation  that 
benz-aldehyde  unites  with  the  acid  sulphites  of  the  alkali-metals 
to  form  crystalline  difficultly-soluble  compounds,  and  that  the 
other  aldehydes  do  the  same.^  Later  on  Limpricht  found  that 
many  ketones  yield  similar  compounds,^  and  as  these  bodies  are 
easily  decomposed  by  acids  or  alkalis  with  separation  of  the 
aldehyde  or  ketone,  they  are  often  employed  for  the  purification 
of  the  latter  bodies. 

It  remained  doubtful  whether  common  aldehyde  yielded  such 
compounds,  until  Bunte  showed  in  1873  that  they  exist,  and  gave 
to  them  the  name  of  aldehyde  sulphurous  acid  salts.^  These  are 
distinguished  from  those  of  the  aldehydes  having  a  higher  mole- 
cular weight,  inasmuch  as  they  are  very  soluble  in  water,  and  as 
they  decompose  at  100°  they  can  only  be  obtained  by  slow 
evaporation  over  sulphuric  acid  in  an  exsiccator.  They  may  be 
looked  upon  as  the  salts  of  ethidene  sulphurous  acid. 

Potassium  Ethidene  Sulphite  J  GH^.CK-l  r\<^r\  -it-  When  alde- 
hyde IS  added  to  a  concentrated  solution  of  hydrogen  potassium 
sulphite  a  combination  takes  place  with  considerable  evolution 
of   heat.     The   salt  crystallizes  in  hard  microscopic   radiating 

f  OH 

needles.       Sodium    Ethidene   Sulphite,   C^^ai  o  ^O  N-   +  ^2^^ 

crystallizes  from  water  in  fine    laminae  having   a  fatty  lustre, 
and  is  precipitated  by  alcohol  in  the  form  of  glistening  needles, 

*  Geiither,  Ann.  Chem,  Phar'tn.  cvi.  249, 

2  E,  Schitf,  Ber.  Deutsch.  Ghem.  Ges.  ix.  304. 

3  Ann.   Chem.   Pliarm.  Ixxxv.  179,  268. 

*  Ih.  xciii.  238.  ^  lb,  clxx.  305. 
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The  ammonium  salt  appears  only  to  exist  in  aqueous  solu- 
tion. On  evaporation,  small  needles  are  obtained  having  the 
formula  C^H^NOgS ;  these  are,  therefore,   probably  the  amide 

CHy.CH-j  ,^  oQ  ^TT  .     The  same  compound  -was  also  formerly 

obtained  by  Petersen  by  the  action  of  sulphur  dioxide  on 
deliquesced  aldehyde-ammonia.* 


COMPOUNDS  OF  ETHIDENE  WITH   NITROGEN. 

(  OTT 

497  Ethidene  Hydramine,  CHg.CH-j  -.ttt  .  This  compound  was 

first  observed  by  Dobereiner,  but  investigated  more  closely  by 
Liebig,  v^ho  teimed  it  aldehi/de-ammonia  (Vol.  III.  Part  I.  p.  476). 
When  an  ethereal  solution  of  aldehyde  is  saturated  with 
ammonia,  crystals  of  this  compound  are  deposited.  These  have 
an  alkaline  reaction,  and  are  soluble  in  all  proportions  in 
water;  they  are  also  very  soluble  in  alcohol  but  dissolve  only 
slightly  in  ether.  When  ether  is  added  to  the  alcoholic  solu- 
tion and  this  allowed  to  stand,  transparent  hard  glassy  rhom- 
bohedrons  are  deposited.  These  melt  at  70° — 80°,  and  may 
be  distilled  at  100°.  The  specific  gravity  of  the  vapour  at 
160°  has  been  found  to  be  SO-SG,^  compared  with  hydrogen 
as  unity.  Above  185°  decomposition  begins.  Dilute  acids 
decompose  it  with  liberation  of  aldehyde.  It  is  therefore  much 
more  unstable  than  its  isomeride  oxyethylamine  (p.  62).  It 
possesses  a  peculiar  ammoniacal  yet  turpentine-like  smell,  and 
it  is  decomposed  in  contact  with  air,  especially  in  presence  of 
light,  becoming  first  yellow,  then  brown,  and  after  a  time  deli- 
quescing. On  heating  it  evolves  a  smell  like  that  of  burning 
animal  matter.  On  passing  sulphur  dioxide  into  its  aqueous 
solution  Eedtenbacher  ^  obtained  small  needles  of  the  compound 
C2H7NO3S,  which  is  isomeric  witli  taurine,  and  with  the  above 
named  ethidene  sulphamide.  This  body  is  much  more  easily 
soluble  in  water  than  the  last  compound,  and  much  less  stable. 
It  decomposes  when  heated  to  100°  (Bunte),  and  on  recrystalliza- 

^  Ann.  Chem.  Pharm.  cii.  317. 

Schroder,  Ber.  Dcufsch.  Chcin»  Ges.  iv.  470. 
3  Jnn.  Chcm.  Pharm.  Ixv.  40. 
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tion.      Its  constitution  is  probably  represented  by  one  of  the 
following  formulae  : 

CH3.CH  j  ^H  so,H.  CH,.CH  [  j^i^)SO,. 

EtUdene  Imido-Siher  Nitrate,  2{QB.^  CH.NH)2AgN03  +  H2O, 
was  first  prepared  by  Liebig/  and  its  composition  was  ascertained 
by  Liebermann  and  Goldschmidt,^  and  by  Mixter.^  It  is  obtained 
when  an  ammoniacal  alcoholic  solution  of  aldehyde  is  precipi- 
tated by  silver  nitrate.  The  crystalline  precipitate  is  not  very 
soluble  in  water,  and  deposits  a  metallic  mirror  on  boiling.  If 
this  compound  be  dissolved  in  ammonia  and  allowed  to  evaporate 
in  a  vacuum  over  sulphuric  acid,  it  separates  in  monoclinic 
crystals. 

Silver  sulphate  gives  a  variety  of  crystalline  compounds  with 
aldehyde-ammonia.* 

An  alcoholic  solution  of  aldehyde-ammonia  undergoes  altera- 
tion when  allowed  to  stand  for  some  time,  and  this  takes  place 
quickly  on  heating,  a  series  of  bodies  being  formed  to  which 
the  name  of  aldehyde  bases  or  aldines  has  been  given,  and  of 
which  the  foUowine:  have  been  described  : 


'o 


Hydracetamide,  CgHj2^2 
Oxytrialdine,        CgHj^NO. 
Oxytetraldine,     CgHjoNO. 
Oxypentaldine,    C^oH^gNO. 

These  bodies  are  amorphous,  and  form  salts  of  which  on]y  a  few 
are  characteristic.^ 

498  Thialdine,  CgH^gNSg,  was  discovered  in  1847  by  Wohler 
and  Liebig,who  obtained  it  by  the  action  of  sulphuretted  hydrogen 
on  an  aqueous  solution  of  aldehyde-ammonia.®  It  crystallizes 
from  ether  containing  alcohol  in  large  highly-refracting  mono- 
clinic  prisms  (Kammelsberg)  melting  at  43°,  and  having  a 
peculiar  aromatic  smell,  which  after  a  time  becomes  unpleasant. 
It  volatilizes  slightly  at  the  ordinary  temperature,  and  is 
readily  volatile  in  aqueous  vapour.  "When  heated  by  itself  it 
uadergoes   decomposition.     It   is   a   monacid    base.      Its   salts 

^  Ann.  Pharm.  xiv.  146. 
2  £er.  Beutsch.  Chem.  Ges.  x.  2179  ;  xi.  1198. 
8  Sillim.  Amer.  Journ.  [3],  xiv.  195. 
*  Mixter,  ih,  [3],  xvii.  427. 

^  Schiff,  Ann.  Chem.  Pharm.  Suppl.  vi.  1  ;  Von  Babo,  Joxtrn,  Prakt,  Chem. 
Ixxii.  88  ;  Heintz  and  Wislicenus,  Pogg.  Ann.  cv.  577. 
^  Ann.  Chem.  Pharm,  lix.  2^6. 


76  THE  ETHIDENE  COMPOUNDS. 

crystallize  well,  and  have  been  investigated  by  Wohler  and 
Liebig/  as  well  as  by  Brusewitz  and  Cathander.^ 

Methyl-thialdine  Hydriodidc,  Q^-^^{QY{^^^^,'H1,  is  a  crystal- 
line body  obtained  by  the  action  of  methyl  iodide  on  thialdine. 
It  is  slightly  soluble  in  water,  and  dissolves  more  readily  in 
alcohol.^ 

Thialdine  has  probably  the  following  constitution  : 

GH3 

I 
CH 

/\ 

s     s 

CH3— CH  CH— CH, 
\/ 
NH, 

Selenaldine,  CgH^gNScg,  is  obtained  by  the  action  of  selen- 
iuretted  hydrogen  on  a  solution  of  aldehyde-ammonia.  It 
forms  small  crystals,  and  the  solution  gradually  decomposes  on 
exposure  (Wohler  and  Liebig). 

Carhothialdine      or      Diethidcne-ammonium      Thiocarlamate, 

^^  i  SNfCHCH')  '  separates  out  in  glistening  white   crystals 

on  evaporating  sulphide  of  carbon  with  an  alcoholic  solu- 
tion of  aldehyde-ammonia.  These  are  difficultly  soluble  in 
alcohol,  and  scarcely  soluble  in  water.*  It  is  also  formed  by  the 
action  of  aldehyde-ammonia  on  ammonium  thiocarbamate.^  It 
acts  as  a  weak  base.  Its  solution  in  hydrochloric  acid  easily 
decomposes,  with  formation  of  sal-ammoniac,  aldehyde,  and 
carbon  disulphide.  If  its  solution  be  treated  with  ferric  chloride, 
ferric  thiocyanate  is  formed  slowly  in  the  cold  but  quickly  on 
warming.  If,  however,  hydrochloric  acid  be  present,  then  not 
only  ferrous  chloride  and  aldehyde  are  formed,  but  a  white 
crystalline  powder  is  thrown  down,  having  the  composition 
S2(CS.NH2)2.®  This  is  identical  with  the  compound  discovered 
by  Zeise,  and  termed  hydranzothin,  obtained  by  him  by  acting 
upon  ammonium  thiocyanate  with  chlorine  water  or  a  mixture  of 
hydrochloric  acid  and  ferric  chloride.^ 

1  Ann.  Chem.  Pharm.  Ixi.  1.  2  Jqutti,  PrahL  Chem.  xcviu.  315. 

3  Hofmann,  Ann.  Chem.  Pharm.  ciii.  93. 

*  Liebig  and  Eedtenbacher,  ib.  Isv.  43. 
"  Mulder,  ib.  elxviii.  235. 

*  Guares^.hi,  Per.  Deutsch.  Che'm,  Gcs.  xi.  1383. 
^  Ann.  Chem.  Pharm,  xlvii.  36. 
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499  EtUdene  Acetamide,  CH3.CH(NH.C2H30)2.  is  formed  by 
heating  aldehyde  with  acetamide.  It  crystallizes  iu  large  prisms, 
which  are  decomposed  by  acids  with  formation  of  aldehyde.* 

UtUdene  Cyanuramide,  C3N3(N.CH.CH3)3  +  H20,  is  obtained 
by  the  action  of  cyanamide  on  aldehyde.  It  forms  a  resinous 
mass,  "which  is  precipitated  from  alcoholic  solution  by  chloroform 
in  scales.  It  is  insoluble  in  bisulphide  of  carbon,  and  possesses 
the  same  coefficient  of  refraction  as  that  liquid,  and  for  this 
reason  it  cannot  be  seen  when  it  is  suspended  in  it.^ 

Eihidene- Biuret,  C^H^NgOg,  was  discovered  by  Wohler  and 
Liebig,  and  obtained  by  passing  the  vapours  of  cyanic  acid 
into  aldehyde.  It  was  first  called  trigenic  acid,  probably 
because  it  contained  three  molecules  of  cyanic  acid.  The 
action  of  these  bodies  on  one  another  is  extremely  energetic ; 
carbon  dioxide  is  evolved  with  almost  explosive  violence  unless 
ice  be  added.  The  cyanic  acid  in  the  latter  case  is,  however,  but 
slowly  absorbed,  and  then  if  the  liquid  be  allowed  to  remain  at 
the  ordinary  temperature,  a  quiet  evolution  of  carbon  dioxide 
takes  place,  which,  like  that  of  a  fermenting  liquid,  lasts  for 
some  days,  until  at  last  the  half-solidified  mass  forms  a  syrup 
from  which  crystals  are  deposited.  The  product,  which  contains 
cyamelide  (Vol.  I.  p.  671)  and  aldehyde-ammonia,  is  boiled  with 
hydrochloric  acid  until  aldehyde  is  evolved.  It  is  then  filtered 
off,  when  on  cooling  trigenic  acid  separates  out.  It  has  a 
slightly  yellow  colour,  and  is  purified  by  re-solution  and  warming 
with  animal  charcoal.  It  crystallizes  in  small  white  stellar 
needles,  which  have  a  faint  acid  taste  and  smell.  When  silver 
nitrate  is  added  to  the  solution,  and  then  ammonia  gradually, 
the  silver  compound,  C^HgAgNgO^,  separates  out  as  a  crystalline 
powder  ^  (Liebig  and  Wohler).  Trigenic  acid  probably  possesses 
the  following  constitution  : 


NH- 

-CO 

/ 

\ 

CK.CH 

NH. 

\NH- 

-CO/ 

^  Tawildarow,  Ber,  Deuisch.  Chcm.  Ges.  v.  477. 
^  Knop,  Ann.  CJiem.  Pharm.  cxxxi.  253. 
3  76.  lix.  296. 


73  THE  ETHIDENE  COMPOUNDS. 


COMPOUNDS  OF  TRICHI-ORETHIDENE. 

500  TricMorethidene  Alcoholy  GCI3  GH(0H)2,  has  already  been 
described  d^^  chloral  hydrate  (Vol.  III.  Parti,  p.  539).  This  body 
is  obtained  by  the  union  of  chloral  (trichlorethidene  oxide)  with 
water.  Although  it  appears  to  undergo  no  change  on  distillation, 
it  is  converted  by  heating  into  its  cons'tituents,  as  is  .proved  by 
the  specific  gravity  of  its  vapour.  Various  chemists  have,  however, 
questioned  this  fact ;  and  it  has  been  the  subject  of  a  lively  dis- 
cussion in  which  the  question  of  the  constitution  of  this  chloral 
hydrate  was  of  less  consequence  than  the  question  of  the  truth 
of  the  general  applicability  of  Avogadro's  law,  according  to 
which  equal  volumes  of  different  gases  contain,  at  the  same 
temperature  and  pressure,  equal  numbers  of  molecules.^ 

The  result  of  this  experimental  discussion  has  been  to  prove 
that  the  vapour  of  chloral  hydrate  is  a  mixture.  That  this  is 
the  case  is  shown  by  the  foUowing  facts.  In  the  first  place 
Wurtz  found  that  the  vapours  of  chloral  and  water  may  be 
brought  together  without  any  evolution  of  heat  being  noticed, 
and  hence  undergo  no  chemical  combination.^  Then  Wiedetnan 
and  Schulze^  showed  that  the  vapjur  of  the  hydrate  when  allowed 
to  diffuse,  behaved  as  a  mixture  of  aqueous  vapour  and  chloral 
vapour,  and  not  as  a  homogeneous  gas.  Lastly  Naumann  has 
proved  tlie  dissociation  of  chloral  hydrate,  inasmuch  as  he 
has  shown  that  the  substance  partially  decomposes,  on  frac- 
tional distillation,  into  chloral  and  water.  According  to  these 
facts,  then,  it  might  be  supposed,  according  to  the  old  idea, 
that  chloral  hydrate  is  a  mole?u!ar  compound,  that  is  to  say, 
a  compound  in  which  the  water  is  contained  in  the  same, 
state  of  combination  as  the  w^ater  of  crystalhzation  in  salts. 
That  this  is,  however,  not  the  case  is  seen  f^-om  the  reactions  of 
the  following  similarly  constituted  compounds  and  of  other 
bodies. 


[V, 


Trichlorethidene  Ethyl  Ether,  CCI,.CH-J  ^5-„  .      This  bod 

which  is  usually  termed  Chloral  Alcoholate,  is,  as  has  been  stated, 
the  last  product  of  the  action  of  chlorine  upon  alcohol  (Vol.  III. 
Part  I.    p.    538),  and   is  formed  with  evolution  of  heat  when 

1  Vol  I.  38-70.  2  Co7npt.  Head.  Ixxxix.  190. 

3  Pogg.  Avn.  [2]  vi.  293. 
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chloral  and  alcohol  are  brought  together.  It  is  difficultly 
soluble  in  cold  water,  but  dissolves  readily  iu  alcohol,  and 
crystallizes  in  white  prisms  which  according  to  Liebig  melt  at 
46°,  but  according  to  Jacobsen  at  56°.  It  boils  at  115° — 116°, 
decomposing  into  chloral  and  alcohol,  as  is  shown  by  the  specific 
gravity  of  the  vapour,  which  is  3'49/  and  hence  it  behaves  like 
chloral  hydrate.  That  it  is  not,  however,  a  molecular  compound 
in  which  the  alcohol  plays  the  part  of  water  of  crystallization 
has  been  shown  by  Henry.  If  the  supposition  were  correct, 
it  must,  when  treated  with  phosphorus  pentachloride,  decompose 
into  a  mixture  of  pentachlore thane  and  ethyl  chloride,  whereas 
tetrachlorether  is  in  fact  formed.^ 

Chloral  not  only  combines  with  common  alcohol,  but  also 
with  other  alcohols,  with  mercaptan,  with  the  glycols,  with  chlor- 
hydrins,^  &c. 

Trichlorethidnie  Diethyl  Ether  or  Trichloracetal  exists  in  the 
two  following  modifications : 

CC1,.CC1(0C,H,),.  CCl3.CH(0CA),. 

The  first  of  these  is  formed  by  the  continued  action  of  chlorine 
upon  alcohol  or  acetal,  and  crystallizes  from  alcohol  in  white 
monoclinic  prisms  melting  at  83°,  and  vblatilizing  in  the  vapour 
of  water,  and  boiling  with  slight  decomposition  at  230°.* 

The  second  compound  was  discovered  by  Wurtz  and  Vogt,  who 
obtained  it  by  heating  tetrachlorether  and  alcohol  together  :  ^ 

CCls-CHClCOCaHs)  +  HO.C2H5  =  CC]^.GIi.(pC^B.^),  +  HCl. 

It  is  also  formed  in  the  preparation  of  chloral,^  and  is  a  liquid 
boiling  at  204°*8,  and  having  a  specific  gravity  at  0°  of  1-28137 
Concentrated  sulphuric  acid  decomposes  it  with  evolution  of 
chloral. 

r  OC  IT 

Fentachloracetal,CC]^.GR  <  00% Vl  '   ^^^^  found  by  Friedel  in 

the  residues  of  the  preparation  of  chloral.  It  is  a  liquid  boiling  at 
186°— 189°,  and  is  not  attacked  by  caustic  potash.     When  heated 

^  Ser.  Deutsch.  Cliem.  Ges.  iii.  909. 
2  Ih.  iv.  101  and  435. 

8  Martius  and  Mendelssohn,  ib.  iii.  445  ;  Henry,  ib.  vii.  762  ;  Jacobsen,  Ann, 
Chem.  Pharm.  clvii.  243. 
"*  Patemo,  ib.  cl.  253  ;  Krey,  Jahresb.  18!r6,  474. 
^  Compt.  Rend.  ]xxiv.  777. 

^  Lieben,  Ann.  Chem,  Fharm.  civ  114:  Byasson,  Compt,  Rend.  Ixxvii.  26. 
7  Patern6  and  Pisati,  Jahresb.  1872,  303. 
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{OO  IT 
ocVci. 

is  obtained,  boiling   between  153°  and  159°.^ 

TncMorethide7ie  Mhyl  Acetin,  CC\^.GR^^^^  i*   formed 

by  acting  upon  acetyl  chloride  with  chloral-alcoholate,  and  it  is 

a  pleasantly  smelling  liquid  boiling  at  198°,  and  having  at  11°  a 

specific  gravity  of  1'327/'^ 

( Gl 
Trichlorcthidcne  Chloracetin,  CCI3.CH  |  ^^ -^  q,  is  obtained 

by  the  action  of  acetyl  chloride  on  chloral  or  chloral  hydrate.  It 
is  a  liquid  boiling  at  185°,  and  having  at  17'  the  specific  gravity 
1-4761  (Meyer  and  Dulk). 

TricMordhidene  Diacetate,  CCl3.CH(OC2H30)3,  is  obtained  by 
heating  together  chloral  and  acetic  anhydride  for  many  hours  to 
150°.  It  is  a  peculiarly  smeUing  liquid,  boiling  at  221° — 222°. 
and  having  a  specific  gravity  of  1*422  at  11°  (Meyer  and  Dulk). 

501  Trichloreihidene  Sul2:}'hite  Comj)ounds.  Like  other  alde- 
hydes, chloral  also  combines  with  the  acid  sulphites  of  the 
alkali-metals  to  form  crystalline  compounds.  The  potassium  salt, 
C2Cl3lI(OH)S03K,  crystallizes  in  ghstening  laminae,^  difficultly 
soluble  in  cold  water.  This  salt  is  also  formed  when  the  normal 
sulphate  is  used,  but  the  solution  must  then  not  be  warmed,  as 
compounds  free  from  chlorine  are  then  produced.^ 

Tricldm-ethidene  Thiohydriny  (CCl3.CH.OH)2S,  is  formed  by 
the  action  of  sulphuretted  hydrogen  on  an  ethereal  solution  of 
chloral,  or  on  an  aqueous  one  of  chloral  hydrate.  It  is  insoluble 
in  water,  crystallizes  from  chloroform  in  rhombohedrons,  has  a 
peculiar  mercaptan-like  smell,  and  melts  at  127° — -128°,  with 
partial  decomposition.'' 

{OTT 
^TT  .       This   body, 

commonly  called  chloral-ammoniay  is  formed  by  the  action  of 
ammonia  on  well-cooled  chloral.*^  In  order  to  prepare  it,  chloral 
is  dissolved  in  chloroform,  and  ammonia  led  into  this  liquid,  well 
cooled  in  a  mixture  of  ice  and  common  salt  ^  It  crystallizes  in 
white  needles  which  melt  at  62° — 64°.     It  is  almost  insoluble  in 


^  Ber,  Dcutsch.  Cheni.  Ges.  viii.  042. 

^  Meyer  and  Dulk,  Ann.  Ckem.  Pharm.  clxxi.  69. 

3  Stadeler,  ib.  cvi.  253.  *  Rathke,  ih.  clxi.  154. 

^  Hagemanii,  Ber.  JJeutsch.  Chem.  Ges.  v.  154  ;  Wyss,  ib.  vii.  211. 

^  Stadeler,  loc.  cit.  ;  Personne,  Ann.  Chem.  Phavm.  clvii.  113. 

7  K.  Schiff,  Bcr.  Deufsch.  Chem.  Ges,  x.  165. 
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cold  water,  and  hot  water  decomposes  it  with  formation  of 
chloroform  and  ammonium  formate. 

THchlorethidene   Ethylhydramine,     00)3. CH  <  An/pTT\TT     is 

formed  by  the  action  of  anhydrous  ethylamine  on  chloral.  A 
white  crystalline  mass  is  thus  produced,  which,  on  heating,  decom- 
poses into  chloroform  and  ethyl  formamide  ^  (Vol.  III.  Part  I. 
p.  406). 

f  OIT 

Trichlorethidene  Hydracetamide,  CCI3.CH  <  -^((^  tt  ^m^'  -^*^^' 

tamide  and  chloral  combine  together  with  evolution  of  heat- 
giving  rise  to  the  above-named  body.^  It  also  occurs  when 
chloral-ammonia  is  treated  with  acetyl  chloride  (Schiff).  It 
crystallizes  from  hot  water  in  rhombic  tables,  which  melt  at 
156°.     When  heated  with  acetyl  chloride  for  some  hours  to  120°, 

the  compound,  CCI3.CH  <  -^,A  -A  (\\Tjy  ^^  formed.  This  crys- 
tallizes from  hot  acetic  acid  in  transparent  prisms,  which  melt  at 
117° — 118°,  and  are  decomposed  by  hot  water  into  the  foregoing 
compound  and  acetic  acid  (Schiff). 

TrichloTdhidene  Diacet amide,  CCI3.CH  <  -vr/p^xj^o^R'  ^^  formed 


by  heating  chloral  with  acetonitril.  It  is  difficultly  soluble  in 
water  and  alcohol,  and  crystallizes  from  acetic  acid  in  glistening 
needles,  which,  when  heated,  sublime  without  previous  fusion. ^ 

^,  u^..^^.^.... ...... ^^ ,  w^  J  NFrV'TT/^OTT^m  '  This  sub- 
Stance  is  formed  by  the  action  of  chloral  on  a  solution  of  urea. 
It  forms  hard  rhombic  crystals,  easily  soluble  in  hot  water. 
When  an  excess  of  chloral  is  added  to  a  saturated  solution  of 

urea,  the  compound;  CO  < -KT-TTpTT/QTTNpi^  insoluble   in  water, 

is  produced.  This  crystallizes  from  alcohol  in  small  six-sided 
tables,  or  in  large  flat  pearly  needles. 

The  amido-compounds  of  trichlorethidene  are  not  attacked  by 
dilute  acids,  but  are  easily  decomposed  by  alkalis,  with  formation 
of  the  same  products  as  are  yielded  by  the  substances  from  which 
they  have  been  obtained.  Thus,  for  example,  the  acetamide 
compound  yields  chloroform,  ammonia,  potassium  formate,  and 
potassium  acetate  (Jacobsen). 

^  Hofmann,  Ber,  Deutsch,  Chem.  Ges.  v.  247. 

^  Jacobaen,  Ann.  Chem.  Pharm.  clvii.  244  ;  Wallach,  Bcr.  Deutsch.  Chem.  Qes, 
V.  251.  3  Hubner,  ib.  vi.  109  ;  Hepp,  ib.  x.  1651. 
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Glycollig  Acid  ok  Oxyacetic  Acid,  CH2(0H)C02H. 

502  This  substance  was  obtained  by  Strecker  in  1848,  by 
acting  with  nitrogen  trioxide  on  glycocoll  (amido-acetic  acid).^  It 
was  afterwards  more  carefully  examined  by  himself  and  Socoloff, 
having  been  prepared  by  them  from  hippuric  acid  (benzoyl 
amido-acetic  acid).^  Although  Strecker  must  be  looked  upon  as 
the  discoverer  of  glycollic  acid,  it  is  interesting  to  leam  that  so 
early  as  the  year  1806  it  had  been  noticed  by  Berzelius,  who 
found  it  in  the  acid  residues  obtained  in  the  preparation  of  ethyl 
nitrite  by  Black's  method  (Part  I.  p.  357).  He,  however,  thought 
that  this  acid  was  malic  acid.  The  next  step  in  the  history  of 
glycollic  acid  was  made  by  Debus,  who  showed  that  it  is  produced 
together  with  oxalic  acid,  its  aldehyde,  and  other  products  by 
the  moderate  action  of  dilute  nitric  acid  on  alcohol.^  Wurtz  then 
obtained  this  acid  by  the  oxidation  of  ethylene  alcohol/  and 
Kekul^  found  that  it  can  be  readily  prepared  by  heating  aqueous 
potassium  chloracetate.^ 

Glycollic  acid  also  occurs  in  unripe  grapes,  but  it  disappears 
during  the  process  of  ripening,'^  being,  in  all  probability,  trans- 
formed into  tartaric  acid.  It  is  also  foimd  in  the  green  leaves  of 
the  Virginian  creeper.^ 

Debus's  method  for  preparing  glycollic  acid  has  been  improved 
by  Lautemann^  and  Drechsel.^  Instead  of  exposing  alcohol  to 
gi-adual  oxidation  with  nitric  acid,  it  is  better  to  use  the  mother- 
liquors  from  the  manufacture  of  fulminating  mercury.  Cloez 
was  the  first  to  observe  that  an  acid  occurs  in  this  liquid,  to 
which  he  £jave  the  name  of  homolactinic  acid."^**  Dessaio-nes  suo"- 
gested  that  this  Avas  glycollic  acid, ^^  an  idea  confirmed  afterwards 
by  Fahlberg.^2  According  to  this  latter  authority,  the  mother- 
liquor  contains  at  first  little  or  no  glycollic  acid,  but  this  is 
formed  in  large  quantity  when  tlie  liquid  is  allowed  to  stand  for 
some  time  at  a  temperature  of  25°.     The  mercury  which  is  still 

I  Ann.  Ghem.  Pharm.  Ixvzii.  55.  2  /j   Ixxx.  34.  s  Jh.  c.  1. 

*  Oomptes  ReTuiuSy  xiiv.  1306  ;  Ann.  Chem.  Pharm.  ciii.  367.       ^  lb.  cv.  286. 

«  Erlenmeyer  and  Hoster,  Jahresh.  1864,  359;  ib.  1866,  373. 

^  Gorup  Besanez,  Ann.  Chem.  Pharm.  clxi,  229. 

^  Kolbe,  Lchrb.  Org.  Chem.  i.  678. 

^  Ann.  Chem.  Pharm.  cxxvii.  150.  ^^  j^^  Ixxxiv.  282 

II  lb.  Ixxxix.  339.  12  Journ,  Pr'aU.  Chem,  vii.  329. 
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contained  in  solution  is  then  thrown  down  by  sulphuretted 
hydrogen,  a  large  excess  of  milk  of  lime  added  to  the  filtrate, 
this  boiled  and  filtered  hot,  and  the  filtrate  treated  with  carbon 
dioxide  in  order  to  separate  the  lime.  On  concentrating  the 
solution,  calcium  glycoUate  is  obtained,  and  this  can  be  purified 
by  recrystallization.  In  order  to  obtain  the  free  acid,  the  lime 
salt  is  decomposed  by  aU  excess  of  oxalic  acid  and  the  boiling 
liquid  saturated  with  lead  carbonate,  the  solution  of  the  lead 
salt  precipitated  by  sulphuretted  hydrogen,  and  the  acid  solution 
filtered  off  from  the  lead  sulphide. 

The  two  glucoses,  dextrose  and  levulose,  are  easily  oxidized 
in  aqueous  solution  bj  silver-oxide,  with  formation  of  carbon 
dioxide,  glycollic  acid,  and  oxalic  acid.  This  reaction  may  be 
employed  for  the  preparation  of  glycollic  acid.  For  this  pur- 
pose a  mixture  of  the  two  glucoses  is  prepared  by  boiling  one 
part  of  cane  sugar  with  twenty  parts  of  a  2  per  cent,  sulphuric 
acid  for  two  hours  with  a  reversed  condenser,  and  then  re- 
moving the  sulphuric  acid  by  barium  carbonate.  The  filtrate 
is  added  to  a  warm  moist  mixture  of  two  parts  of  calcium 
carbonate  and  the  oxide  prepared  from  ten  parts  of  silver 
nitrate.  After  a  few  minutes  an  evolution  of  carbon  dioxide 
begins,  and  as  soon  as  this  has  ceased,  the  mixture  is  warmed 
to  50°  as  long  as  any  gas  is  evolved.  It  is  then  filtered,  and 
the  glycollate  allowed  to  crystallize.  One  hundred  parts  of 
sugar  give  thirty  parts  of  the  dry  salt.  The  addition  of  calcium 
carbonate  at  the  commencement  of  the  operation  serves  the 
purpose  of  keeping  the  solution  neutral,  as,  if  it  becomes  acid, 
the  glycollic  acid  is  readily  further  oxidized  to  oxalic  acid.^ 

503  Glycollic  acid  may  also  easily  be  obtained  from  monochlor- 
acetic  acid,  as,  on  boiling  this  with  caustic  soda,  sodium  glycollate 
is  formed  : 

CH^CLCO^Na  +  NaOH  =  CH2(0H)C0,Na  +  NaCl. 

A  concentrated  solution  of  sulphate  of  copper  is  added  to  the 
hot  solution,  and  the  difficultly  soluble  copper  glycollate  thrown 
down.  This  may  be  purified  by  recrystallization,  and  decomposed 
by  sulphuretted  hydrogen. 

According  to  Fittig,  glycoUic  acid  is  most  easily  prepared  by 
heating  a  5  per  cent,  solution  of  chloracetic  acid  for  some  days 
in  connection  with  a  reversed  condenser,  and  concentrating  the 
product  by  evaporation.^ 

^  Kiliani,  Ann.  Ckem.  Pharm.  ccv.  191.  Liebig's  Annalcn,  ccv.  VA. 
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Glycoliic  acid  separates  from  syrupy  solution  in  stellated 
needles,  and  from  solution  in  alcohol  or  ether  in  fine  laminse, 
which  melt  at  80°,  and  are  unalterable  in  the  air.  If  the  aqueous 
solution  be  evaporated  too  far,  some  glycoliic  anhydride,  a  body 
which  will  be  afterwards  described,  is  formed,  and  if  it  be  crystal- 
lized from  alcoholic  ether,  some  ethyl  gly collate  is  also  produced. 
Both  of  these  products  either  prevent  the  crystallization  of  the 
acid,  or  render  it  deliquescent  in  moist  air,  and  hence  it  was 
formerly  assumed  that  two  isomeric  glycoliic  acids  exist.^ 

By  the  action  of  phosphorus  pentachloride  on  glycoliic  acid, 
glycolyl  chloride  is  formed,  a  'body  which  has  been  already 
described  as  monchloracetyl  chloride  (Part  I.  p.  535). 


The  Glycollates. 

504  The  salts  of  oxyacetic  acid  are  easily  soluble  in  water, 
and  crystallizable.  Of  these  the  following  are  the  most 
characteristic. 

Calcium  Gly  collate,  (C2H303)2Ca,  crystallizes  by  spontaneous 
evaporation  of  its  solution  in  stellar  silky  needles,  containing 
4  molecules  of  water,  and  dissolving  at  15°  in  80  and  at  100° 
in  19  parts  of  water.  It  separates  from  the  hot  solution  on 
cooling  in  crystals  which  contain  3  molecules  of  water,  and 
on  evaporating  at  100°  large  transparent  hard  crystals  are 
obtained,  which  are  only  soluble  with  difficulty  in  water. 

Lead  GlycollatCy  (C2H303)2Pb,  is  obtained  from  acid  solution  in 
glistening  monoclinic  crystals,  which  dissolve  at  17°  in  31  parts 
of  water.  When  the  neutral  solution  is  boiled,  or  if  a  glycol- 
late  be  precipitated  with  acetate  of  lead,  a  basic  salt,  having  the 
formula  (C2H303Pb)20,  separates  out  in  stellar  needles  which 
require  more  than  10,000  parts  of  water  to  dissolve  them. 

Copper  Glycollate,  (C2H303)2Cu,  forms  blue  crystals,  which 
dissolve  in  134  parts  of  cold,  and  are  more  easily  soluble  in 
hot,  water. 

Siher  Glycollate,  C2H303Ag,  is  a  curdy  precipitate,  which  after 
a  time  becomes  crystalline.  It  dissolves  in  hot  water,  with  partial 
decomposition  and  blackening. 

^  Kolbe,  Ann.  Chcm.  Pharm.  cxxvii.  159. 
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Ethers  and  Ethekeal  Salts  of  Glycolyl. 

505  Ethyl  Glycollate,  Ofif>^{G^^^  is  formed  by  heating 
ethyl  chloracetate  with  anhydrous  sodium  acetate  and  alcohol  :  ^ 

CH2CI.CO2C2H5  +  C^HgO^Na  +  CgHg.OH  = 

CH2(OH)C02C2H5  +  C^HgO^CC^H,)  +  NaCL 

In  place  of  sodium  acetate,  sodium  glycollate  may  be  used 
when  of  course  no  ethyl  acetate  is  formed.'*^ 

It  may  be  more  readily  obtained  by  distil.ing  a  mixture  of 
calcium  glycollate  and  potassium  ethyl  sulphate  (Fahlberg). 

It  is  a  pleasantly  smelling  liquid,  soluble  in  water,  and  de- 
composing quickly  in  contact  with  this  liquid,  especially  on 
heating,  into  glycollic  acid  and  alcohol.  According  to  Heintz  it 
boils  at  155°,  whilst  Fahlberg  gives  the  boiling  point  at  150°, 
and  Schreiner  at  160°.  At  0°  it  has  a  specific  gravity  of 
11074. 

The  following  ethers  have  also  been  prepared  :  ^ 

B.P.      Sp.  Gr.  at  0". 

Methyl  glycollate,  CgHgOgCCHg)       151°      11862 
Propyl  glycollate,  C"^f>l{Q^.)      170°      1-0837 

Ethyl- glycollic  Acid,  CH2(OC2H5)C02H.  This  body,  isomeric 
with  ethyl  glycollate,  is  also  termed  oxyethylacetic  acid  and 
ethoxacetic  acid.  In  order  to  prepare  it  30  grams  of  sodium  are 
dissolved  in  500  grams  of  absolute  alcohol,  and  an  alcoholic 
solution  of  60  grams  of  chloracetic  acid  added  to  it,  and  the 
whole  heated  to  boiling.  The  liquid  is  filtered  from  the  sodium 
chloride  which  separates  out,  the  alcohol  removed  by  distillation, 
and  the  residue  warmed  with  69  grams  of  copper  sulphate.  The 
residue,  obtained  on  evaporation,  is  a  mixture  of  sodium  sul- 
phate and  copper  ethyl-glycollate,  [C2H2(C2H5)03]2CuH-2H20, 
from  which  the  latter  salt  is  obtained  on  extraction  with  hot 
alcohol,  it  separating  out  on  cooKng  in  small  blue  needles.  It 
is  easily  soluble  in  water,  and  crystallizes  in  large  rhombic  prisms. 
On  treating  its  aqueous  solution  with  sulphuretted  hydrogen 
and  distilling  the  filtrate,  ethyl-glycollic  acid  passes  over  at  about 
190°,  this  being  mixed  with  a  small  quantity  of  glycollic  acid, 
paraformaldehyde,  and  ethyl-glycollic  ethyl  ether.  It  is  a 
colourless,    strongly    acid   liquid    boiling    at   from    206°- — 207° 

^  Heintz,  Ann.  Chem.  Pkarm.  cxxiii.  325.  ^  Pogg.  Ann,  cxiv.  440. 

^  Ann,  Chem.  Pharm,  cxcvii.  1, 
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(Henry).  On  heating  it  with  phosphorus  iodide,  glycollic  acid 
and  ethyl  iodide  are  formed.^  Phosphorus  trichloride  does  not 
attack  it  in  the  cold,  but,  on  heating,  ethyl-glycolyl  chloride  is 
formed,  CH2(OC2H5)COCL  This  is  a  mobile,  heavy  hquid, 
boiling  at  127° — 128°,  fuming  slightly  in  the  air,  and  attacking 
the  eyes  violently.^ 

Mhyl  Mkoxacetate,  CH2(OC2H5)C02(C2H5),  is  obtained  by 
heating  sodium  ethyl-glycollate  with  ethyl  iodide  and  alcohol,^ 
as  well  as  by  allowing  ethyl  chloracetate  to  drop  into  an  alcoholic 
solution  of  sodium  ethylate.^  The  ether,  obtained  by  fractional 
distillation,  is  an  easily  mobile  liquid,  having  a  pleasant  mint- 
like smell  and  a  sweetish  taste.  It  boils  at  158°*4,  and  at  0°  has 
a  specific  gravity  of  0  9996,  that  of  its  vapour  being  4'56. 

In  addition  to  these,  many  other  compounds^  and  ethers 
(Schreiner)  having  an  analogous  constitution  to  ethyl-glycollic 
acid  are  known.    ' 

Acctoglycollic  Acid,  or  Acetoccacetic  Acid,  CPl20(C2H30).C02H, 
is  not  known  in  the  free  state.  Its  ethyl  ether  is  formed  by 
heating  ethyl  chloracetate  with  anhydrous  sodium  acetate.  It  is 
a  liquid  having  a  faint  fruit-like  smell,  and  boiling  at  179° 
When  it  is  treated  in  the  cold  with  milk  of  lime,  it  forms  the 
easily  soluble  calcmm  aceto(jltj collate,  (C4li;502)2Ca+  2II2O,  crystal- 
lizing in  small  prisms,  and  yielding  on  boiling  with  milk  of  lime 
the  calcium  salts  of  acetic  and  glycollic  acids.^ 

The  hydrogen  in  the  alcoholic  hydroxyl  of  glycollic  acid  may 
be  replaced  by  other  acid  radicals,  and  in  these  cases  also  the 
ethers  and  salts  but  not  the  free  acids  are  known.^ 

As  glycollic  acid  is  at  once  an  alcohol  and  an  acid,  two  mole- 
cules of  it  can  unite  with  elimination  of  water  and  formation  of 
compound  ethers  (p.  84). 

506  GlycoglycollicAcid,GK^{OYL)QO^.C'R,.QO^,  This  com- 
pound, which  is  at  the  same  time  an  acid,  an  alcohol,  and  an 
ether,  is  usually  called  glijcollic  anhydride.  It  is  formed  on 
heating  glycollic  acid,  or  by  exposing  this  for  many  days  to  the 

1  Heintz,  Pogg,  Ann.  cix.  331  ;  cxi.  552  ;  cxiv.  469. 

'  Henry,  Bcr.  Beutsch.  Chcm.  Gcs.  xi.  276. 

3  Heintz,  Ann.  Chem.  Pharm.  cxxix.  39  ;  Geuther  and  Wackenroder,  Zeit^ch. 
Ohem.  1867,  705. 

*  Schreiner,  loc.  cit. 

5  Heintz,  loc.  cit.  and  Ann.  Chem.  Pharm.  cxxx.  257  ;  Journ.  Pralct.  Chem. 
Ixxvui.  124,  174  (?)  ;  Ixxix.  233  ;  Siemens,  Chcm.  Ccntralb.  1862,  17. 

«  Heintz,  ^/n?i.  Chem.  Pliarm.  cxxiii.  325:  Gd\,ib.  cxlii.  370;  Comptes  Rendns 
Ixiii.  1086.  ^ 

7  Hi^intz,  Avn.  Chcm.  Pliarm.  cliv.  257  ;  Gal,  Jo-,  ctt. 
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action  of  the  vapours  of  sulphur  trioxide.  On  washing  it  with 
water  it  remains  as  a  white  powder  which  is  insoluble  in  ether, 
alcohol,  and  cold  water,  whilst  on  boiling  it  forms  glycollic  acid. 
It  is  also  dissolved  by  fused  glycollic  acid,  and  this  explains  the 
fact,  noted  on  page  84,  of  the  anomalous  behaviour  of  fused 
glycollic  acid  (Fahlberg). 

Glycolidr,  C^H^O^,  was  first  prepared  by  Dessaignes  by  the 
dry  distillation  of  tartronic  acid,  CH(OH)(C02H)2.'i  It  is  also 
formed  on  strongly  heating  glycollic  acid,  but  most  readily  by 
heating  potassium  monochloracetate  to  150°  ^ 

CH^Cl  NaOCO  CH— 0— CO 

I  +  1=1"  I      -F  2NaCl. 

CO.ONa         ClCHg  CO— 0— CH, 

It  is  also  formed  by  the  action  of  bromacetylbromide  on 
sodium  acetate. 3  It  is  a  white  amorphous  powder,  insoluble 
in  cold  water,  melting  at  220°,  and  combining  with  water  to 
form  glycollic  acid,  and  with  alcohol  to  form  the  ether. 

Glycolide,  as  is  seen  from  its  mode  of  formation,  is  a  double 
ether  in  which  the  radical  glycolyl  is  contained  twdce,  and  both 
of  these  act  at  once  as  alcohol  radicals  and  as  acid  radicals. 

Diglycollic  Acid,  0(CH2.C02H)2.  This  dibasic  acid,  which 
also  acts  as  an  ether,  was  first  known  as  paramalic  acid, 
as  it  is  metameric  with  malic  acid.  Heintz  was  the  first  to  obtain 
it,  together  with  glycollic  acid,  by  heating  chloracetic  acid  with 
caustic  soda,^  and  Wurtz  afterwards  showed  that  it  is  obtained 
by  oxidizing  diethylene  glycol.^  The  same  substance  is  formed  in 
large  quantity  when  chloracetic  acid  is  heated  with  the  hydroxides 
of  the  alkaline  earths,  whilst  caustic  alkalis  and  other  metallic 
hydroxides  chiefly  yield  glycollic  acid.®  In  order  to  prepare  it  in 
this  way,  monochloracetic  acid  is  boiled  with  an  excess  of  milk  of 
lime,  and  the  filtrate  treated  with  carbon  dioxide  and  concentrated 
somewhat;  on  addition  of  alcohol  the  calcium  salts  of  glycollic 
and  diglycollic  acids  separate  out,  and  these  may  be  readily 
separated  by  recrystallization,  calcium  diglycollate  being  less 
soluble  in  water  than  the  glycollate.  In  order  to  prepare  the 
free  acid,  the  calcium  salt  is  converted  into  the  insoluble  lead 

^  Ann.  Chem,  Pharin.  ]xxxix.  339. 

^  Kekule,  ib.  cv.  286  ;  TscTierniak  and  Norton,  Bull.  Soc.  Chim.  [2],  xxx,  102. 
^  Naumann,  Ann.  Chem.  Pharm.  cxxix.  275. 
*  Pogg.  Ann.  cix.  470  ;  cxv.  280. 

^  Comptcs  Rcndus,  li.  162  ;  Ann.  Chem.  Pharm.  cxvii.  136. 
^  Sctreiber,  Jmcrn.  Prakt.  Chem.  [2],  xiii.  436  ;  Heintz,  Ann.  Chem.  Pharm. 
cxliv.  91. 
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salt,  and  this  decomposed  by  sulphuretted  hydrogen.^  It  crystal- 
lizes from  water,  in  which  it  is  easily  soluble,  in  large  transparent 
rhombic  prisms  containing  one  molecule  of  water,  which  is 
driven  off  completely  at  100°  The  anhydrous  acid  boils  at  148°, 
and  solidifies  again  to  a  crystalline  mass  on  cooling.  On  heating 
with  hydriodic  acid,  it  is  decomposed  into  acetic  and  glycoUic 
acids,  which  latter,  when  an  excess  of  hydriodic  acid  is  present, 
is  reduced  to  acetic  acid. 

Diglycollie  acid  forms  both  acid  and  normal  salts.  Those  of 
the  alkali  metals  are  soluble ;  those  of  the  other  metals  dissolve 
only  with  difficulty. 

Calckiin  Diglycollate,  C^H^O^Ca,  is  scarcely  soluble  in  cold 
and  only  slightly  soluble  in  hot  water.  On  cooling  the  solution 
it  crystallizes  in  long  glistening  needles,  which  contain  6  molecules 
of  w^ater.  On  allowing  the  solution  to  evaporate  slowly,  a  salt 
crystallizes  out  containing  3  molecules  of  water,  and  it  can  also 
be  obtained  with  1,  4,  or  5  molecules  of  water.^ 


SULPHUR  COMPOUNDS  OF  GLYCOLYL. 

507  TMoglycollic  Acid,  or  Mcrccqoto -acetic  Acid,  CH2(SH)C02H, 
is  obtained  by  the  addition  of  chloracetic  acid  to  an  aqueous 
solution  of  potassium  hydrosulphide.  The  potassium  salt, 
separated  from  potassium  chloride  by  crystallization  and  treat- 
ment with  alcohol,  is  decomposed  by  sulphuric  acid,  and  the  acid 
^extracted  with  ether.  It  is  an  oily  colourless  liquid,  soluble  in 
water,  and  having  but  little  smell.  As  an  acid  and  a  mercaptan 
it  can  form  three  series  of  salts,^  as  well  as  different  compound 
■ethers.^  Thiodigly collie  Acid,  S(CH2.C02H)2,  and  JDithiogly collie 
Acid,  S2(CH2.COoH)2,  have  also  been  prepared.^ 

508  Thctine  Comvounds.  These  bodies,  which  correspond  to 
the  sulphine  compounds  (Part  I.  pp.  158  and  384),  have  been 
investigated  by  Crum-Brown  and  Letts, ^^  Their  bromides  are 
formed  by  heating  bromacetic  acid  with  the  sulphides  of  the 
.alcohol  radicals : 


*  Ann.  Chem.  Pharm.  cxliv.  91. 
^  Molis,  Zeitsch.  Chein.  1866,  495. 
3  Claesson,  Ann.  Chem.  Pharm.  clxx^cvii   113 

'  Erlenmeyer  and  Lisenko,  Zcitsch.  Chem.  1862,  134;  Claesson,  Bcr,  Deutsch. 
^vnem.  Gcs.  viu.  120. 

5  Schulze,  ZeitscK  Chem.  1865,  73;  Schreiber,  Journ.  PrakL    Chem.  [2],  xiu. 

'e  V^^'^'pf';^'^'''-  ^'^'^^^''  ^'^"""-  ^''-  ^^i-  1390;  Claesson,  ih.  xiv.  409. 
**  Edin.  Phil.  Trans,  xxviii.  [2],  571. 
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Dimethyl  Thetine  Bromide. 

CH„Br 

CH2S(CH3)2Br 

1            +  S(CH3), 

=       ( 

CO^H 

CO,H. 

The  compounds  thus  obtained  are  easily  soluble  in  water, 
and  crystallize  from  alcohol  in  large  transparent  rectangular 
tables. 

CH, 

/      \ 

Dimethyl  Thetine,  CO  8(0113)2  +  H2O,    is   obtained    by 

O 

acting  with  moist  silver  oxide  on  a  solution  of  the  bromide.  It 
forms  large  deliquescent  crystals,  which  are  less  soluble  in  alcohol 
than  in  water.  It  possesses  a  burning  saline  taste,  and  unites 
with  acids,  but  not  with  weak  ones  such  as  carbonic  or  h3^dro- 
cyanic,  and  this  is  eJisily  understood  as  the  substance  is  itself  a 
salt.  If  it  be  allowed  to  stand  for  a  week  over  sulphuric  acid 
in  a  vacuum,  it  loses  its  water  and  becomes  opaque. 

The  bromide  has  an  acid  reaction  like  all  thetine  salts.  Its 
warm  solution  dissolves  oxide  of  lead,  and  on  cooling,  laminae  of 
a  double  salt  separate  out,  whilst  dimethyl  thetine  remains  in 
solution : 

CH,S(CH3)2Br  CH2S(CH3).Br 

4     I  +  2Pb(OH)2  =1  ^       +  PbBr^  + 

CO.OH  CO.OPbBr 

CH2 

/       \ 

300  S(OH3)2  -f  4H2O. 

\       / 
O 

The  other  dimethyl  thetine  compounds  are  obtained  from 
the  bromide  by  decomposing  it  with  soluble  silver  salts,  and  the 
same  compounds  are  obtained  by  the  action  of  acids  upon 
dimethyl  thetine. 

The  chloride,  which  is  crystalline  but  very  deliquescent, 
combines  with  platinum  chloride  to  form  the  salt  (0^119802)2 
Pt01^+2H2O,  a  body  crystallizing  from  hot  water  in  orange- 
needles. 

The  ethyl  ether,  Br(CH3)2S0H2CO.O02H5,  is  formed  by  the 
union  of  ethyl  bromacetate  with  methyl  sulphide.  It  crystallizes 
in  pearly  glistening  hygroscopic  laminae. 

Letts  has  prepared  several  other  thetine  compounds  with  other 
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alcohol  radicals,  and  these  are  less  easily  formed  than  dimethyl 
thetine,  and  with  the  greater  difficulty  the  more  carbon  the 
radical  contains,  whilst  the  power  of  crystallization  diminishes 
in  the  same  ratio.^ 

509  Sulj^ho-acetic  Acid,  01.^(80 J:l)COJl,  was  discovered  by 
Melsens  in  1842,  who  gave  it  the  above  name.  He  obtained  it 
by  the  action  of  sulphur  tdoxide  and  faming  sulphuric  acid  on 
acetic  acid.^  It  is  also  formed  by  treating  acetamide  or  aceto- 
nitril  with  the  fuming  acid,^  or  by  heating  acetic  acid  with 
chlorsulphonic  ac'd.^  Its  sodium  salt  is  easily  obtained  by 
boiling:  chloracetic  acid  with  a  solution  of  normal  sodium 
sulphite.^  The  sulphur  compounds  already  described  also  yield 
this  acid  on  oxidation  with  dilute  nitric  acid.^  It  remains 
behind  as  a  syrup,  on  evaporation  of  the  solution  in  a  vacuum. 
This  gradually  solidifies  to  a  needle-shaped  mass  which  is  very 
deliquescent.  Sulphone-acetic  acid  is  a  strong  dibasic  acid, 
of  which,  however,  only  the  normal  salts  have  as  yet  been 
prepared. 

5 10  Thiocyanacetic  Acid,  or  Bliodacetic  Acid,  CH2(S.CN)C02H. 
The  ethyl  ether  of  this  body  was  obtained  by  Heintz,  by  acting 
with  potassium  thiocyanate  on  ethyl  chloracetate.'^  On  heat- 
ing this  with  strong  hydrochloric  acid,  he  believed  that  he  had 
obtained  the  free  acid,  but  Claesson  has  shown  that  the  substance 
which  is  then  liberated  is  its  isomeride,  thiocarbimidacetic 
acid  (p.  91).  In  order  to  prepare  thiocyanacetic  acid,  powdered 
potassium  thiocyanate  is  added  to  a  concentrated  solution  of 
sodium  chloracetate.  The  crystalline  magma  which  is  formed  is 
then  treated  with  boiling  alcohol,  when  potassium  chloride 
remains  behind,  and  crystals  of  sodium  thiocyanacetate  are  de- 
posited from  the  filtrate.  The  well-cooled  aqueous  solution  of 
this  salt  is  then  decomposed  by  sulphuric  acid  and  at  once 
extracted  with  ether.^ 

Rhodacetic  acid  is  a  colourless  and  odourless  oil  which,  when 
gently  warmed,  changes  into  a  porcelain-like  mass  difficultly 
soluble  in  water,  and  crystallizing  from  this  solution  in  groups 
of  stellar  needles.     It  forms  with  the  metals  of  the  alkalis  and 

1  Edin.  Phil,  Trans,  xxviii.  [2],  583. 

2  Ann.  C'hcm.  Pharm.  xliv.  97  ;  lii.  275. 

3  Buckton  andHofmann,  Proc.  Hoy.  Soc.  viii.  158  j  A7in.  Chem.  Pharm.  c.  141. 
*  Baiimstark,  ib.  cxl.  75. 

5  Collmann,  ib.  cxlviii.  101. 

^  Camis,  ik  cxxiv.  52. 

7  lb.  cxxxvi.  223. 

^  Claesson,  Per.  Deutsch.  Chcm.  Ges.  x.  1346. 
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the  alkaline  earths  crystallizable  salts,  whereas  those  of  the 
other  metals  are  readily  decomposed  "with  formation  of  the 
thioglycoUates.  When  sulphate  of  copper  is  brought  into  a 
solution  of  rhodacetic  acid,  a  black  amorphous  precipitate  is 
formed  after  some  time,  consisting  of  cuprous  thioglycollate, 
(CH2)2S2Cu2(C02)2Cu2.  This  reaction  is  very  characteristic 
(Claesson). 

Thiocarhim.id acetic  Acid,  or  Mustard  -  oil  -  acetic  Acid, 
CHgC^-CSjCOgH,  was  obtained  by  Volhard  by  boiling  glycolyl 
thio-urea  (p.  97)  with  hydrochloric  acid  : 

CH2.NH.  CH2.N.CS 

I  YS  4  HCl  +  H2O  =  I  -f  NH.Cl 

CO.NH  /  CO.OH 

It  is  soluble  in  hot  water,  difficultly  soluble  in  cold,  and  crys- 
tallizes in  rhombic  tables,  melting  at  125° — 126°  As  an  amido- 
compound  it  acts  as  a  weak  acid,  the  salts  being  many  of  them 
partially  decomposed  by  water.^ 

Kitroacetic  Acid,  CH2(N02)C02H.  This  body  is  not  known  in 
the  free  state.  When  attempts  are  made  to  form  the  potassium 
salt  by  heating  a  solution  of  potassium  chloracetate  with  potas- 
sium nitrite,  carbon  dioxide  and  nitromethane  (Part  I.  p.  227) 
are  obtained. 

The  ethyl  ether  is  however  known,  and  this  is  obtained  by 
the  action  of  ethyl  bromacetate  on  silver  nitrite.  This  liquid 
boils,  not  without  decomposition,  at  151° — 152°^  and  on  treat- 
ment with  tin  and  hydrochloric  acid  is  converted  into  amido- 
acetic  acid.^ 


AMIDO-COMPOUNDS  OF   GLYCOLYL. 

511  Many  of  these  compounds  are  of  great  physiological 
interest,  inasmuch  as  they  and  several  of  their  derivatives  occur 
both  in  the  animal  and  in  the  vegetable  kingdoms,  as  the 
products  of  decomposition  of  higher  and  more  complicated 
compounds.  In  addition  to  those  now  described,  others  exist 
which  will  be  noticed  in  the  further  course  of  this  work. 

Glycolamide,  CH2(OH).CO(NH2),  is  obtained  by  the  action 
of  ammonia  on  ethyl  glycollate  or  glycolide.     It  forms  colourless 

^  Journ.  Prakt.  Chem.  [2],  ix.  6. 

2  Forcrand,  Bull,  Soc.  Chim.  xxxi.  536. 
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crystals  which  fuse  at  120°.  Aqueous  hydrochloric  acid  con- 
verts it  into  glycoHc  acid  and  sal-ammoniac. 

Amido-acetic  Acid,  oi  Glycocoll,  CH2(NH2)C02H,  was  first  pre- 
pared by  Braconnot  in  1820,  being  contained  amongst  the 
products  of  the  action  of  sulphuric  acid  on  glue,  and  received 
from  him  the  name  of  Sucre  de  gelatine,  on  account  of  its  sweet 
taste.^  Dessaignes  found  later  on  that  the  same  body  occurs 
as  a  product  of  decomposition  of  hippuric  acid.^  This  latter 
chemist  as  well  as  Laurent,^  Mulder/  and  Horsford  ^  determined 
its  composition,  and  the  last-named  chemist  gave  to  it  the 
name  of  glycocoll,  by  which  it  is  usually  known  (yXvKv^,  sweet ; 
KoWa,  glue).  Strecker  then  found  that  it  is  a  decomposition 
product  of  glycocholic  acid,  one  of  the  constituents  of  bile,*^  and 
since  that  it  has  been  obtained  from  various  other  complicated 
carbon  compounds.  According  to  Chittenden  it  is  found  in  the 
muscle  of  the  edible  Pecten  irradians!^ 

Amido-acetic  acid  was  first  artificially  obtained  by  Perkin  and 
Duppa,  by  acting  with  ammonia  on  bromacetic  acid,^  Cahours 
then  showed  that  chloracetic  acid  may  also  be  used  for  this 
purpose.^  Its  formation  from  cyanogen  is  peculiar.^*^  If  this  gas 
be  led  into  a  boiling  solution  of  concentrated  hydriodic  acid,  the 
following  reaction  takes  place  : 

CN  CH2.NH2 

I      4  5HI  +  2H2O      =      I  -h  NH  J  +  2L. 

CN  GO.OH 

The  method  proposed  by  Braconnot  was  formerly  employed 
for  the  preparation  of  glycocoll.  According  to  Mulder  a  -better 
yield  is  obtained  when  the  glue  is  boiled  with  hot  caustic  potash 
instead  of  sulphuric  acid.^^  It  is  most  conveniently  prepared  from 
hippuric  acid  (benzoyl-amido-acetic  acid),  a  body  occurring 
in  the  urine  of  graminivorous  animals.  This  substance,  when 
warmed  with  four  times  its  weight  of  fuming  hydrochloric  acid, 
undergoes  the  following  change  : 

CH,NH(C,H,.CO)  CH2.NH„ 

CO,H  CO3H  '      ' 

^  Ann.  Chim.  Phys.  [2],  xiii.  114. 

2  Dessaigiies,  Ann.  Chem.  Fharm.  Iviii.  322. 

3  CompL  Rend,  xxii.  789.  4  joum.  Prakt.  Cliem.  xxxviii.  294, 
Ann.  Chem.  Pharm.  Ix.  ].                 ^  Ih.  Ixv.  130  ;  Ixvii,  16. 

\  /6.  clxxviii.  266.  s  Q^art,  Joum.  Chem.  Soc.  xi.  22. 

^  Coinpt.  Mend.  xlvi.  1044;  cvii.  147. 

^"  Emmerling,  Bcr.  Deuisch.  Chan.  Gcs.  vi.  1352. 

^^  Joum.  Prakt.  Chcm.  xvi.  20o. 
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The  solution  is  then  diluted  with  water  and  allowed  to  cool, 
when  a  large  portion  of  the  benzoic  acid  which  is  formed  crys- 
tallizes out.  The  filtrate  is  evaporaied  alniost  to  dryness  and 
then  boiled  with  water  for  some  time,  in  order  to  drive  off  the 
remaining  benzoic  acid.  In  this  way  glycocoll  hydrochloride 
is  obtained,  and  this  is  decomposed  with  oxide  of  lead  or  silver 
oxide. 

The  preparation  of  amido-acetic  acid  from  chloracetic  acid  or 
bromacetic  acid  is  not  economical,  because  large  quantities  of 
diglycolamidic  acid,  NH(CH2.C02H)2,  and  triglycolamidic  acid, 
N(CH2.G02H)3,  are  produced.^ 

Glycocoll  dissolves  in  4-3  parts  of  cold,  and  more  readily  in 
hot  water.  It  is  insoluble  in  absolute  alcohol  and  spirit  of  wine. 
It  crystallizes  in  large  hard  monoclinic  tables  which  grate  be- 
tween the  teeth,  have  a  sweet  taste  and  fuse  at  170°,  undergoing 
decomposition  with  separation  of  carbon  when  heated  to  a  higher 
temperature.  Its  solution  is  coloured  deep  red  by  fe:ric  chloride 
and  deep  blue  by  copper  salts. 

As  an  amido-acid  glycocoll  is  at  once  a  base  and  an  acid,  or 
rather,  as  it  has  a  neutral  reaction,  a  salt  (p.  18).  Of  its  numer- 
ous compounds,  only  the  more  important  can  here  be  mentioned. 
512  Metallic  Compounds  of  Glycocoll  Amongst  these  the  copper 
salt  is  very  characteristic.  It  is  obtained  by  boiling  a  glycocoll 
solution  with  copper  oxide.  On  cooling  or  addition  of  alcohol, 
the  compound,  having  the  formula  (C2H4N02)2  Cu  -f  HgO^ 
crystallizes  in  fine  blue  needles.  These  dissolve  in  caustic 
potash,  yielding  a  deep  blue  solution.  If  glycocoll  and  caustic 
potash  be  added  to  a  solution  of  copper  sulphate  the  solution 
also  becomes  dark  blue,  and  the  above  salt,  is  separated  on 
addition  of  alcohol.  The  silver  salt,  Q^^O.-^kg,  difficultly 
soluble  in  water,  is  deposited  in  granular  crystals. 

Acid  Gomjyounds  of  Glycocoll.  Of  these,  two  series  are  known 
(p.  18),  and  all  crystallize  well. 

Saline  Compounds  of  Glycocoll.  It  has  already  been  stated 
that  glycocoll  combines  with  many  salts,,  and  these  compounds 
are  also  readily  obtained  crystalline. 

Ethyl  Amido-acetate,  CH2(NH2)C02.C2H5.  When  glycocoll  is 
heated  with  ethyl  iodide  and  alcohol,  the  compound,  CH2(NH3l) 
CO2.C2H5,  is  formed,  crystallizing  in  rhombic  prisms.  When 
its  aqueous  solution  is  heated  with  silver  chloride,  the  correspond- 
ing chloride  is  formed.  This  crystallizes  in  fine  needles  and 
1  Heintz,  Ann.  Chem.  Pharm.  cxxii.  257;  cxsxvi.  213. 
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"when  treated  with  water  and  silver  oxide  yields  the  ethyl  ether, 
which  is  deposited  in  small  crystals,  and  in  aqueous  solution  easily 
decomposes  into  glycocoll  and  alcohol. 

Amido-Glycolamide,  CH2(NH2)CO(NH2).  This  is  formed 
together  with  the  above-named  compound  by  the  action  of  a 
large  excess  of  alcoholic  ammonia  on  ethyl  chloracetate,  and  it 
is  formed,  though  in  less  quantity,  in  a  similar  way  from 
glycocoll.  On  evaporating  the  solution  a  syrup  remains  which 
gradually  crystallizes.  Boiling  water  decomposes  it  into  glyco- 
coll and  ammonia. 

/       \ 

513  Methyl- glycocoll,  or    Sarcosine,  CO         N(CH..)H2.     This 

\       / 
0 

body,  which  was  first  believed  to  be  an  alkaloid,  w^as  obtained  by 
Liebig  in  1847  as  a  product  of  the  decomposition  of  creatine 
(p.  98),  a  body  occurring  in  the  muscular  tissue,^  Volhard  then 
showed  that  this  compound  is  formed  when  -ethyl  chloracetate 
is  heated  with  aqueous  methylamine.^  It  is  very  soluble 
in  water,  has  a  sharp  but  sweet  taste,  and  crystallizes  in 
transparent  rhombic  prisms.  In  its  chemical  relations  it  closely 
resembles  glycocoll.  Its  platinum  salt  is  especially  characteristic. 
This  is  soluble  in  water,  and  crystallizes  readily  in  large  honey- 
yellow  octohedrons.^ 

By  the  action  of  ethylamine  on  chloracetic  acid,  ethyl-glycocoll 
is  formed,  whilst  diethylamine  yields  diethyl-glycocolL^  Both 
deposit  in  deliquescent  crystals. 

The  following  compoun3s  are  metameric  with  ethyl  glycocoll 
and  ethyl  amido-acetate. 

Ethyl  Ghjcolamide,  CH2(0C2H5)C0.NH2,  is  formed  by  the 
action  of  ammonia  on  the  ethyl  ether  of  ethyl  glycoUic  acid,^  and 
crystallizes  from  water  in  large  prisms  having  a  cooling  taste. 
These  melt  below  100°,  the  liquid  boihng  at  225°,  and  on  heat- 
ing with  phosphorus  pentoxide,  the  nitril,  CIl2(OC2H5)CN,  is 
formed,  an  aromatic  smelling  liquid  boiling  at  134° — 135°.^ 

Glycol-ethylamidc,  CH2(OH)CO.NH(C2H5),  is  formed  by 
acting  with  ethylamine  on  ethyl  glycollate.  It  is  a  thick 
liquid  soluble  in  water,  boiling  at  about  250°  (Heintz). 

'  Ann.  Chem.  Pharm.  Ixii.  310.  2  jj^  cxxiii.  261. 

3  Heintz,  ib.  cxxix.  33. 

*  Heintz,  ib.  cxl.  218.  5  Heintz,  ib.  cxxix.  27. 

®  Henry,  Bcr.  Deutsch.   Chem.   Ges.  vi.   259  ;  Tdcherniak  and  Korton,  ih.  xii. 
369. 
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/    \ 

514  Trimethyl-glycocoll,  or    Bdalne,    CO         N(CJ:Io)3.      This 

\   / 
0 

weak  base  was  first  obtained  by  Liebreich  by  careful  oxidation  of 

choline.-^      He  then  artificially  prepared  it  by  acting  upon  tri- 

methylamine  "with  chloracetic  acid/  and  termed  it  oxyneurine. 

Before  this  Scheibler  had  noticed  a  base  which  occurs  in  the 

juice  of  the  sugar-beet  {Beta  vulgaris),  which  he  afterwards  in- 

vestisrated,  and  to  which  he  G^ave  the  name  of  Bciaine.^     The 

identity  of  this  substance  with  oxyneurine  was  proved  both  by 

himself  and  by  Liebreich.* 

Trimethyi-glycocoll  is  found  in  Lycium  harlarum,  and  the  body 
got  from  this  was  formerly  believed  to  be  a  peculiar  alkaloid, 
described  under  the  name  of  Lycine,  Its  identity  with  betaine 
was  shown  by  Husemann.^ 

In  order  to  prepare  betaine  a  slight  excess  of  lead  acetate  is 
added  to  the  beet  or  the  molasses  diluted  with  water,  the  pre- 
cipitate filtered  off  and  this  decomposed  by  dilute  sulphuric 
acid.  The  acid  solution  gives  with  phosphotungstic  acid  a 
precipitate  which  is  then  decomposed  with  milk  of  lime.® 

Betaine  crystallizes  from  alcohol  in  large  glistening  deliques- 
cent crystals  containing  one  molecule  of  water,  which  is  evolved 
at  100°.  In  its  chemical  relations  it  resembles  glycocoll.  The 
chloride,  C^HjoNOgCl,  forms  lai-ge  stable  monoclinic  crystals. 
It  combines  v\ith  jjlatinum  chloride  to  form  the  compound 
(C5Hi2^0o)2PtCl6  -f  2H2O,  a  body  deposited  in  large  yellow 
crystals  which  effloresce  on  exposure. 

Muscarine,  CH(OH)2.CH2N(CH3)30H,  is  found  together  with 
choline  in  a  toadstool,  fly  agaric  {Agaricus  mi(scarius)j  and  is 
formed  by  the  oxidation  of  the  latter  base  with  strong  nitric  acid.^ 
The  free  base  has  a  strongly  alkaline  reaction  and  crystallizes 
in  thin  deliquescent  laminee.  The  hydrochloride  is  also  very 
dehquescent,  and  forms  the  platinichloride  (C5Hj^lS[02\2BtClg  H- 
2H2O,  which  is  difficultly  soluble  in  water.  Muscarine  is  the 
poisonous  constituent  of  the  toadstool. 


1  Ber,  Deutsch.  Chem.  Ges.  ii.  13.  "  Ih.  ii.  167. 

3  Ih,  ii.  292.  ■*  i^-  iii-  ^55  and  161. 

5  Arch.  Pharm.  [3],  vi.  216  ;  Jahresh.  1875,  828. 

6  See  Friihlingand  Schulz,  Ber.  Deutsch.  Chem.  Ges.  x.  1070. 
'  Schmiedeberg  and  Koppe,  Jahresh.  1870,  875. 

8  Schmiedeberg  and  Harnack,  ih.  1876,  804. 
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CARBAMIDE  COMPOUNDS  OF  GLYCOLYL. 

515  Glycolyl-urea^  CO  |       ,    was    first    obtaiaed    by 

^NH— 00 
Baeyer  as  a  product  of  decomposition  of  uric  acid  and  allantoin, 
and  termed  by  liim  Hydranto'in.  He  also  obtained  this  com- 
pound artificially  by  heating  alcoholic  ammonia  with  bromacetyl 
urea^  a  body  prepared  by  acting  on  urea  with  bromacetyl 
bromide :  ^ 

.NH2  /NH.CHg 

00^  +  NH3  =  CO^  I       +  NH.Br. 

\NH.C0.CH,Br  ^NH.CO 

Glycolyl-urea  is  easily  soluble,  especially  in  hot  water^ 
depositing  in  large  but  not  well-formed  crystals.  These  have 
a  slight  sweet  taste,  and  melt  at  200"". 

Glycoluric  Acid,  or  Hydrantou  Acid,  (NH2)CO.IS[H.CH2.C02H. 
The  barium  salt  of  this  acid  is  obtained  from  the  forecroin^ 
compound  by  boiling  it  with  baryta-water.  This,  when 
decomposed  with  dilute  sulphuric  acid,  yields  glycoluric  acid, 
a  body  crystallising  from  hot  water  in  monoclinic  prisms.^  It 
is  also  formed  when  an  aqueous  solution  of  glycocoll  sulphate  is 
evaporated  with  potassium  cyanate,^  or  when  glycocoll  and  urea 
are  boiled  for  some  time  with  baryta- water.* 

/N(CH3)-CH, 

Mclhyl-hydranto'in,    CO  |       ,  was  first  obtained  as 

\nH CO 

a  product  of  decomposition  of  creatinine  (p.  99),  and  is  also 
formed  when  sarcosine  is  fused  with  urea.^  It  forms  clear 
crystals  which  have  a  faint  acid  reaction  and  melt  at  145°. 

Methyl-hydrctntoic  Acid,  (NH2)CO(NCH3)CH2.C02H.  If,  in 
addition  to  its  usual  food,  such  a  quantity  of  sarcosine  be  given 
to  a  dog  that  the  amount  of  nitrogen  which  it  contains  be 
exactly  equal  to  that  which  the  dog  excretes  daily,  uric  acid 
and  urea  completely  disappear,  and  in  their  place  methyl- 
hydrantoic  acid  and  other  nitrogenous  compounds  make  their 
appearance.^ 

^  Ann.  Ckem.  Pharm.  cxxx.  15S  ;   Ber.  DeiUsch.  Chem.  Ges.  viii.  614, 

2  Herzog,  Ann,  Chein.  Pharm.  cxxxvi,  278. 

"  "Wislicenus,  ib.  clxv.  103, 

4  Baumaim  and  Hoppe-Seyler,  Per.  Beutsch.  Chcm.  Ges.  vii.  34. 

B  Huppert,  ib.  vi,  1278.  ^  Schultzen,  ib.  v.  578. 
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The  same  acid  is  formed  when  sarcosine,  potassium  cyanate, 
and  ammonium  sulphate  are  allowed  to  stand  together  in 
aqueous  solution,  or  when  a  mixture  of  sarcosine  and  urea  is 
boiled  with  baryta-water.^  It  crystallizes  from  alcohol  in  trans- 
parent needles.  When  heated  alone  it  is  converted  easily  into 
methyl-hydrantoiin,  and  when  heated  with  baryta-water  under 
pressure  it  decomposes  with  formation  of  carbon  dioxide, 
ammonia,  and  sarcosine. 

Glycolyl  Thio-urea,  oi  SulphohydranM.nj  CS  |      .      The 

^NH— co- 
chloride  of  this  body  is  obtained  by  heating  thiocarbamide 
with  chloracetic  acid.  It  crystallizes  in  fine  prisms,  and  yields, 
on  treatment  with  alkalis,  the  thio-urea  which  crystallizes  from 
hot  water  in  long  glistening  needles.^  "When  boiled  with 
baryta-water,  barium  thioglycollate  together  with  dicyandi- 
amide  is  produced.^  According  to  Liebermann  and  Lange  it 
appears  probable,  from  this  decomposition  as  well  as  for  other 
reasons,  that  the  constitution  of  sulphohydrantoin  and  of 
mustard-oil  acetic  acid  (p.  91)  is  represented  by  the  following 
formulse  :  ^ 


Glycolyl  Thio-urea. 

Mustard-oil  Acetic  Acid. 

CH^ 

CH^ 

.        \ 

/      \ 

=CS          CO 

0  =  CS          CO 

\     / 

\      / 

NH 

NH 

The  formation  of  the  latter  compound  from  thiocyanacetio  acid 
is  in  this  case  easily  understood. 


GUANIDINE  COMPOUNDS  OF  GLYCOLYL. 

516  Glycocyamine,  or  Chianidoacetic  Acid,  CgH^NgOg,  was 
obtained  by  Strecker  by  heating  together  for  some  days  aqueous 
solutions  of  glycocoll  and  cyanamide,  to  which  some  ammonia  had 
been  added.  ^  It  is  also  formed  when  glycocoll  is  heated  with 
guanidine  carbonate.®     It  is  deposited  in  small  crystals  which  are 

^  Baumann  and  Hoppe-Seyler,  loc.  cit. 

2  Volhard,  Ann.  Chcm.  Pliarm.  clxvi.  383.  .. 

3  Andreasch,  Ber.  Deutsch.  Chem.  Ges.  xii.   1385.  *  Ih.  xii.  1588. 
6  Compt  Rend  lii.  1212  ;  Jahresh.  1861,  530. 

^  Nencki  and  Sieber,  Joum,  Prakt.  Chenn.  [2],  xvii.  477. 
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difficultly  soluble  in  cold  and  more  easily  in  boiling  water  and 
insoluble  in  alcohol.  It  acts  at  once  as  a  weak  base  and  as  an 
acid,^  and  hence  in  the  free  state  it  may  be  considered  to  be 

CH^-NH-C  =  NH  CH^-NKC  =  NH 

CO.  OH   NH^  CO-O-NH3. 

Glycocyamidine,  or  Gycolyl  Gitanidine,  C3H5N3O,  is  formed  when 
glycocyamiDe  hydrochloride  is  heated  to  1G0°.  Its  constitution 
is,  therefore,  represented  by  the  following  formula  : 

CH,.NH. 

I  ^C  —  NH. 

CO.NH  ^ 

The  free  base  is  obtained  from  this  hydrochloride  by  boiling 
it  with  lead  hydroxide.  It  crystaUizes  in  small  kmings,  easily 
soluble  in  water,  and  having  an  alkaline  reaction.  The  hydro- 
chloric acid  compound  is  also  very  soluble,  and  forms  a  platini- 
chloride,  (C3HgN30)2PtCl6-  crystallizing  ia  yellow  needles.  The 
zinc  double  salt,  (C3H0N3O)2ZnCl2,  is  a  characteristic  one,  being 
difficultly  soluble,  and  also  crystallizing  in  needles. 

Creatine,  or  Methyl  Guanidoacetic  Acid,  C4H9N3O2. 

517  Creatine  was  first  found  by  Chevreul,^  in  1835,  in  the  juice 
of  flesh  (fcpea^;,  flesh),  and  examined  most  minutely  by  Liebig,  in 
1847,  in  his  celebrated  research  on  the  constituents  of  the  liquids 
of  flesh. 3  It  is  found  hi  '"he  flesh  of  all  vertebrates  and  also  in 
small  quantity  in  the  brain  and  blood.  The  flesh  of  game  and 
of  poultry  is  best  suited  for  its  preparation,  as  this  aj)pears  to 
contain  about  035  jier  cent.  The  flesh  is  finely  cut  up,  freed 
from  fat  as  much  as  possible,  well  kneaded  several  times  with 
its  own  weight  of  water,  and  the  liquid  well  pressed  out  in  a 
coarse  linen  bag.  The  liquid  is  then  heated  to  boiling  to 
separate  the  albumen,  &c.,  and  filtered.  The  phosphoric  acid 
which  is  present  is  next  separated  by  the  addition  of  baryta- 
water  and  the  filtrate  evaporated  to  one-twentieth  its  bulk. 
The  creatine  crystallizes  out  on  standing,  a  small  quantity  of 
creatinine  present  being  removed  by  washing  with  alcohol. 

As  the  extract  of  meat  is  prepared  now  on  the  manufacturing 

^  Engel,  Bull   Soc.  Chim.  [2],  xxiv.  274. 
^  Jnn.  Chem.  PAarm.  iv.  293. 
8  lb.  Mi.  257. 
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scale,  this  may  conveniently  be  employed  for  preparing  creatine. 
It  is  dissolved  in  20  parts  of  water  and  acetate  of  lead  added 
so  long  as  a  precipitate  forms,  the  filtrate  treated  with  sul- 
phuretted hydrogen  aud  the  solution  operated  upon  as  above 
described.^ 

Creatine  has  been  artificially  prepared  by  Volhard  by  heating 
an  alcoholic  solution  of  sarcosine  with  freshly  prepared  cyanamide 
for  some  hours  to  100°.^ 

CH2.N(CH3)H2     C-N  CH2.N(CH3)C  zz  NH 

CO-  O  NHg  CO— 0 NH3. 

Creatine  dissolves  in  75  parts  of  cold  water  and  more  readily 
in  hot  water,  crystallizing  in  bright  glistening  transparent 
monoclinic  prisms  which  contain  one  molecule  of  water.  When 
heated  to  100°  they  become  opaque  from  loss  of  water.  It  has 
a  faintly  bitter  taste  and  is  not  soluble  in  absolute  alcohol  or 
ether.  "When  boiled  with  baryta-water  it  decomposes  into  sar- 
cosine and  urea,  and  when  its  aqueous  solution  is  heated  with 
mercuric  oxide,  oxalic  acid  and  methyl-guanidine  are  formed. 

Creatine  has  a  neutral  reaction,  but  combines  with  acids  as 
well  as  with  a  variety  of  salts,  in  this  respect  resembling 
glycocolL    The  compounds  thus  obtained  usually  crystallize  well. 


Creatinine,  or  Methyl  Glycolyl  Guanidine,  CJI7N3O. 

518  This  body  was  first  obtained  by  Liebig,  who  heated  creatine 
in  a  current  of  hydrochloric  acid  to  100°,  when  the  hydrochloride 
of  a  "  true  organic  alkaloid  "  is  formed.  Creatinine  sulphate  is 
easily  formed  when  creatine  is  evaporated  to  dryness  with  the 
calculated  quantity  of  dilute  sulphuric  acid.  By  decomposing 
this  with  baryta-water,  or  by  boiling  the  hydrochloride  with  an 
excess  of  oxide  of  lead  in  order  to  form  an  insoluble  basic  lead 
chloride,  a  solution  of  the  free  base  is  obtained. 

Creatinine  occurs  in  nature  in  human  urine  and  in  that  of 
various  animals,  and  from  the  first  source  it  can  be  readily 
obtained  (Liebig),  The  liquid  is  neutralized  with  milk  of  lime, 
chloride  of  calcium  added  in  order  to  precipitate  the  phosphates, 
and  the  whole  evaporated  until  salts  begin  to  crystallize  out.  A 
concentrated  solution   of   zinc    chloride   is   then   added  to  the 

^  Mulder  and  Mouthaan,  Zeitsch.  Chem,  1869,  341.  2  Jahresh,  1868,  685. 
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mother-liquor,  when  the  zinc  chloride  compound  already 
described  slowly  separates  out  and  is  decomposed  on  boiling 
with  water  and  an  excess  of  lead  hydroxide.-^ 

It  is  perhaps  simpler  to  make  use  of  mercuric  chloride,  which 
also  forms  an  insoluble  compound  with  creatinine,  which  is 
easily  decomposed  by  sulphuretted  hydrogen.  Instead  of  human 
urine  that  of  the  horse  may  be  employed.^ 

Creatinine  is  tolerably  soluble  in  water,  difficultly  soluble  in 
alcohol,  and  deposits  in  anhydrous  monoclinic  crystals  which 
have  an  alkaline  reaction.  When  boiled  with  baryta-water, 
ammonia  and  methyl  hydrantom  (p.  96)  are  formed : 

CH2.N.CH3  CH..N.CH. 


\g^ 


NH  +  H,0  = 


■CO  +  NH 


CO.NH  CO.NH 


Creatinine  in  aqueous  solution  readily  undergoes  change, 
passing  into  creatine.  This  takes  place  more  quickly  if  ammonia, 
lead  oxide,  or  other  bases  be  present. 

Salts  of  Creatinine.  Creatinine  is  a  strong  base  decomposing 
ammonium  salts.  The  hydrochloride,  C^HgNgOCl,  crystallizes 
from  hot  alcohol  in  short  transparent  prisms,  and  from  water, 
in  which  it  is  very  soluble  in  transparent  scales.  The  platini- 
chloride,  (C4Hg]Sr30)2PtClg,  forms  yellowish-red  granular  crystals, 
or  orange-red  prisms.  The  sulphate,  (C4HgN30)2S04,  crystallizes 
from  hot  alcohol  in  transparent  quadratic  tables. 

Creatinine  Zinc  Chloride,  (C^H^N  gO)2ZnCl2,  forms  oblique 
rhombic  prisms  or  small  needles  that  form  warty  concretions- 
It  is  difficultly  soluble  in  water  and  almost  insoluble  in  strong 
alcohol.  It  forms  with  hydrochloric  acid  an  easily  soluble 
compound,  (C4HgN30Cl)2ZnCl2,  which  crystallizes  well. 

Creatinine  also  forms  well  crystallized  compounds  with  other 
salts.     These  have  been  especially  studied  by  Neubauer. 

Creatinine  forms  with  ethyl  iodide  the  compound,  C^H^NgO 
(^2^5)1,  crystaUizing  in  long  glistening  needles,  and  this  is  con- 
verted by  the  action  of  moist  silver  oxide  into  the  corresponding 
strongly  alkaline  hydroxide.^ 

^  Neubauer,  Ann.  Chem.  Pharm.  cxix.  37. 
2  Maly,  ih.  clix.  279. 
^  Neubauer,  ih.  cxx.  257. 
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Phosphorus  Compounds  of  Glycolyl. 

519     Phosphoriri methyl     Glycocoll,      or      Phosphor  -  Beta'ine, 

CO  /PCCHg),.    The  hydrochloride,  CO^  CH2.P(CH3)3HC1, 

of  this  body  is  formed  by  the  action  of  trimethyl  phosphine  on 
monochloracetic  acid.  It  is  very  deliquescent,  as  is  the  base 
obtained  from  it  by  means  of  silver  oxide.  The  platini- 
chloride  separates  out  from  hot  water  in  largo  orange-red 
rhombic  crystals.^ 

Phosphor-PJthyl-Betame,  CO  P(C2H5)3,    was   first    pre- 

^  0  / 

pared  by  Hofmann  by  the  action  of  triethyl  phosphine  on 
chloracetic  acid,^  and  afterwards  exactly  investigated  by  Letts.^ 
It  is  also  very  deliquescent,  and  contains  water  of  crystalliza- 
tion, which  it  gives  off  slowly  in  a  vacuum  over  sulphuric 
acid.  If  the  aqueous  base  be  heated,  it  is  transformed  into 
the   isomeric    acid-carbonate  of   methyl-triethyl   phosphonium, 

^^  t  OP(C,H,)3CH3. 

The  nitrate  crystallizes  in  needles,  has  an  acid  reaction, 
and  is  not  deliquescent ;  the  platinichloride  forms  large  crystals 
tolerably  soluble  in  hot  water.  The  salts  decompose  on  heating 
into  carbon  dioxide,  and  the  salts  of  methyl-triethyl-phospho- 
nium,  and  in  this  respect  they  resemble  the  thetine  salts,  and 
not  those  of  betaine,  which  either  sublime  or  are  decomposed 
into  trimethylamine  and  substituted  acetic  acid. 


THE    OXALYL    COMPOUNDS. 

The  Aldehydes  of  Oxalic  Acid. 

520  Oxalic  acid,  being  a  dibasic  acid,  forms  two  aldehydes  : 

(l)  (2) 

Glyoxal.  Glyoxylic  Acid. 

COH  COH 

I  I 

COH.  CO.OH. 

^  A,  H.  Meyer,  Ber.  Deutsch.  Chem.  Ges.  iv.  734. 

^  Proc.Roy.  Soc.  xi.  530. 

'^  lb.  Edin.  1880-1881,  40  :  and  Neubauer,  Ann.  Chem,  Pharm.  cxix.  37 ;  cxx.  257, 
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These  bodies,  discovered  by  Debus,  are  formed  together  with 
oxalic  and  glycoUic  acids  "when  alcohol  and  various  other  com- 
pounds, such  as  glycol,  aldehyde,  &c.,  are  oxidized  with  nitric 
acid.^ 

Glyooxdy  or  Oxalaldeliyde,  Q^fi^.  According  to  Llibawin  the 
following  is  the  best  mode  of  prepaiing  this  body.  Into  a  glass 
cylinder,  having  a  capacity  of  250  cc,  are  poured  in  separate 
layers,  by  means  of  a  tube-funnel  which  reaches  to  the  bottom, 
tirst  64  cc.  of  nitric  acid,  of  specific  gravity  1"37,  which  has 
been  mixed  with  2*5  cc.  of  the  fuming  acid,  then  20  cc.  of 
water,  and  lastly  60  cc.  of  aqueous  aldehyde  of  50  per  cent. 
The  whole  is  allowed  to  remain  at  the  temperature  of  the  air 
for  four  to  five  days,  and  then  the  liquid  evaporated  on  a  water- 
bath,  when  almost  perfectly  pure  glyoxal  remains.  In  order  to 
purify  it  further,  it  is  shaken  with  a  concentrated  solution  of 
hydrogen  sodium  sulphite,  when  a  compound,  having  the  com- 

CH(0H)S03Na 
position    I  is  formed,   depositing  in  small  hard 

CPI(0H)S03Na, 
crystals,  which  may  be  purified  by  crystallization  from  solution 
in  water.  By  double  decomposition  with  barium  chloride,  the 
corresponding  barium  salt  is  obtained.  This  is  but  difficultly 
soluble  in  water,  and  yields,  on  decomposition  with  dilute  sul- 
phuric acid,  a  solution  of  glyoxal,  this  compound  remaining  on 
evaporation  as  an  amorphous  deliquescent  mass.  Glyoxal  pos- 
sesses the  characteristic  properties  of  an  aldehyde,  and  reduces 
ammoniacal  silver.  By  the  action  of  lime  or  baryta  it  is  easily 
converted  into  glycoUic  acid : 

COH.COH  +  H3O  =  CH2(OH).C0.0H. 

Hence  both  oxidation  and  reduction  occurs.  The  aldehydes 
of  the  monobasic  acid  exhibit  a  similar  reaction,  but  in  this  case 
one  molecule  of  alcohol  and  one  of  monobasic  acid  are  produced. 
If  an  acetic  acid  solution  of  glyoxal  be  saturated  with  hydro- 
chloric acid,  hexglyoxal  hydrate,  G^^^f>^^,  or  O12H12O12  +  HgO, 
is  formed.  This  is  an  amorphous  powder  resembling  starch, 
dissolving  in  strong  acids  or  boiling  alcohol.- 

If  glyoxal  be  warmed  with  aqueous  ammonia  to  from  60°  to 
70°,  the  following  two  singular  basic  compounds  are  formed 
(Debus): 

1  Debus,  Ami.  Chem.  Pharm.  u.  5  ;  cii.   20  ;  cvii.   199  ;  ex.  319  ;  cxviii,  253  ; 
chiff.  ih.  clxxii.  1  ;  Liihawiii,  Bcr.  Deutsch.  Chem.  Ges,  viii.  768  ;  x.  13tJ6. 
^  H.  Schiff,  Ann.  Chem.  Fharon.  clxxii.  1. 


ALDEHYDES  OF  OXALIC  ACID.  103 

521  Glyoxalin^  C3H3N(NH),  is  the  chief  product;  it  is  a  body 
easily  soluble  in  water,  and  crystallizes  in  fine  prisms,  possess- 
ing a  faint  fish-like  smell ;  it  fuses  at  88°— 89°,  and  boils  at 
266V  3'iid  its  vapour  density  is  2-35. ^  With  acids  it  forms 
neutral  crystallizable  salts.  It  contains  one  atom  of  hydrogen 
capable  of  replacement  by  silver  as  well  as  by  alcoliol  radicals. 
It  is  not  oxidized  by  a  solution  of  chromic  acid,  and  reducing 
agents  are  also  without  action  upon  it.  Bromine  converts 
it  into  trihromoxalin,  C3Br3N(NH),  crystallizing  from  alco- 
hol in  silky  needles,  possessing  a  distinctly  acid  character, 
and  remarkable  as  being,  with  the  exception  of  hydrocyanic 
acid,  the  only  acid  containing  carbon  which  does  not  contain 
oxygen  or  sulphur.  In  the  formation  of  glyoxalin,  formic  acid 
is  produced,  and  hence  it  is  produced  according  to  the  following 
reaction  : 

2ajlfi,^  +  2iS[H3  =  CaH.N,  -^'r  CH^O.  -f  2H2O. 

Its  constitution    is  not  positively  known,  but    it    is   probably 
represented  by  the  following  formula  : 

I 
HN=CH. 

Glt/cosin,  CgHgN^,  is  formed  in  smaller  quantities  than  the 
preceding  compound.  It  crystallizes  in  needles  which  on  heat- 
ing volatilize  without  melting;  it  is  scarcely  soluble  in  cold 
water,  and  is  difficultly  soluble  in  hot,  and  forms  suits  which 
crystallize  well.  Its  constitution  is  probably  similar  to  that  of 
hexmethylenamine  (p.  26),  but  with  the  difference  that  in- 
stead of  the  six  diad  methylene  groups  it  contains  three  tetrad 
groups,  CgHg. 

522  Glyoxylic  Acid,  or  Glyoxalic  Acid,  CHO.COgH  +  HgO,  or 
CH(OH)2.C02H.  Debus  gave  to  this  body  the  first  of  these 
formulae,  but  the  latter  formula  is,  as  Duppa  and  Perkin^  have 
shown,  the  more  probable,  as  the  acid  and  all  its  salts  (with  the 
exception  of  the  ammonium  compound,  which  does  not  behave 
as  a  salt),  must,  according  to  the  first  formula,  contain  one 
molecule  of  water  which  cannot  be  removed  without  decom- 
posing the  compound.  Glyoxylic  acid  has,  accordingly,  a  con- 
stitution similar  to  that  of  chloral  hydrate. 

^  "VVyss,  Ber.  Deutsch.  Chem.  Ges.  ix.  1543  ;  x.  1365- 
-  Joar/i.  Clicm.  Soc.  xxi.  197. 
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In  order  to  prepare  glyoxylic  acid  it  is  best  to  start  from 
dibromacetic  acid,  which  is  easily  obtained  by  the  action  of 
bromine  upon  acetic  anhydride.  When  its  silver  salt  is  boiled 
with  water,  equal  molecules  of  glyoxylic  acid  and  dibromacetic 
acid  are  formed : 

2C2HBr202Ag  +  2H2O  =  O^H.O,  +  C.H.Br^O^  +  2AgBr. 

If  the  liquid  be  now  neutralized  with  silver  carbonate,  and 
again  boiled,  the  following  reaction  takes  place  :  ^ 

C.HgO^Ag  -h  C^HBr.O^Ag  +  2R.fl  =  2C fifi^  +  2AgBr. 

Bottinger  has  fully  described  the  preparation  of  this  acid 
from  alcohol  and  nitric  acid.^ 

Glyoxylic  acid  is  very  easily  soluble  in  both  water  and  alco- 
hol, and  crystallizes  in  small,  ill-defined,  probably  monoclinic 
prisms,  "which  taste  like  tartaric  acid,  melt  on  heating,  but 
cannot  be  distilled  without  decomposition.  This  body  possesses 
all  the  properties  of  an  aldehyde.  It  forms  crystalline  com- 
pounds with  the  sulphites  of  the  alkali  metals,  such  as  the 
sodium  salt,  CH(OIl)S03Na.C02Na ;  it  reduces  ammoniacal 
silver  solution,  and  when  brought  in  contact  with  strong  bases, it 
forms  a  mixture  of  oxalic  acid  and  glycollic  acid,  whilst  nascent 
hydrogen  reduces  it  to  glycollic  acid. 

Potassium  Glyoxylate,  CgHgKO^,  is  an  easily  soluble  crystalline 
powder,  which  begins  to  decompose  at  100°. 

Calcium  Glyoxylate,  (C2H304)2Ca,  is  difficultly  soluble  in  cold 
water,  and  crystallizes  in  hard  prisms. 

When  decomposed  by  ammonium  oxalate,  or  when  glyoxylic  acid 
is  neutralized  by  ammonia,  and  the  solution  obtained  by  either 
method  allow^ed  to  evaporate  in  a  vacuum,  it  becomes  acid,  and 
small  prisms  separate  out,  which  also  have  an  acid  reaction  after 
recrystaliizatioD.  Debus  considers  this  compound  to  be  the 
normal  ammonium  salt,  but  according  to  Perkin  it  is  an  acid, 
the  constitution  of  which  corresponds  to  that  of  aldehyde- 
ammonia  : 

/OH  /OH 

CH  CH 

I      ^NHj  or  I     \nH, 

I  I 

CO.OH  CO— 0. 

^  Perkin,  Journ.  Chem.  Soc.  1877,  ii.  90. 
^  Liebig's  A^in.  cxcviii.  206. 
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Silver  Glyoxylate,  CgHgAgO^,  is  a  .difficultly  soluble  crystalline 
powder,  -which  soon  blackens  on  exposure  to  light. 

Didhyl  Glyoxylic  Acid,  GHCOCgtQ^^CO^H.  3  The  sodium 
salt  of  this  acid  was  obtained  by  Fischer  and  Geuther  *  by 
heating  tetrachiorethylene  with  sodium  ethylate,  when  ethyl-di- 
chloracetate  is  formed  as  an  intermediate  product,  so  that  the 
salt  is  most  simply  got  by  heating  dichloracetic  acid  with  an 
alcoholic  solution  of  sodium  ethylate.^  When  it  is  decomposed 
by  dilute  sulphuric  acid,  and  the  liquid  shaken  with  ether,  the 
acid  is  taken  up,  and  on  evaporating  the  ethereal  solution,  it 
remains  behind  as  an  oily  liquid  which,  in  contact  with  water, 
is  easily  converted  into  alcohol  and  glyoxylic  acid. 

The  ethyl  ether,  CH(OC2H5)2C02(C2H5),  is  obtained  by  heat- 
ing with  ethyl  iodide,  and  it  is  also  formed  when  glyoxylic  acid  is 
heated  with  absolute  alcohol  (Perkin).  It  is  a  highly  refracting 
liquid,  possessing  a  fruity  smell  and  burning  taste,  and  boiling 
at  199°. 


OXALIC  ACID,  C2H2O4. 

523  This  acid  occurs  as  the  hydrogen  potassium  salt  in  a  variety 
of  plants,  such  as  the  wood-sorrel,  Oxalis  acetosella,  and  in  other 
species  of  oxalis  and  rumex.  From  the  older  names  of  these 
(acetosa,  acetosella)  it  would  appear  that  in  former  times  they 
were  believed  to  contain  acetic  acid. 

At  the  beginning  of  the  seventeenth  century  the  salt  obtained 
from  the  above  plants  was  considered  to  be  a  kind  of  tartar, 
and  its  preparation  was  minutely  described  by  Boerhave  in  his 
Elementa  Chemice?  It  was  afterwards  more  completely  inves- 
tigated by  F.  P.  Savary,  whose  Dissertatio  cle  sale  acetosellos 
appeared  in  1773,  but  still  the  nature  of  the  acid  which  it  con- 
tained remained  a  matter  of  doubt.  Its  special  characteristics 
were  first  pointed  out  by  Wiegleb  in  1779,  who  discovered  the 
fact  that  it  has  the  power  of  rendering  lime-water  turbid. 

In  1776  Scheele  obtained  an  acid  by  acting  with  nitric  acid 
upon  sugar ;  and  this  was  further  investigated  by  Bergman,  and 
described  in  his  Dissertatio  de  acido  sacchari,  published  in  1776. 
Amongst  other  remarks  he  there  states  that  this  acid  cannot 

^  Jenaer  Zeitsch.  Chem,  i.  54  ;  Geuther  and  Brockhoff,  Journ.  PraU.  Chem.  [2], 
vii.  102. 

^  Schreiber,  Zcit8<-h.  Chem.  1870,  167.  ^  Tomus  Secitndns,  p,  37. 
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only  be  obtained  from  a  variety  of  bodies  containing  sugar,  but 
also  from  meal,  gum,  and  other  vegetable  matters,  and  that,  on 
heating,  a  ^^art  of  the  acid  sublimes,  whilst  another  part  yields  a 
gas,  half  of  which  consists  of  fixed  air,  and  the  other  of  an  air 
which  burns  with  a  blue  flame. 

The  acid  obtained  from  sugar,  and  that  obtained  from  the 
various  varieties  of  oxalis  ^were  usually  supposed  to  be  different 
substances,  until  Scheele  in  1784  showed  that  they  are  identical. 

Oxalic  acid  was  first  naturally  considered  to  be  an  organic 
acid,  but  as  it  was  found  that  many  of  its  salts  contained  no 
hydrogen,  this  acid  was  for  a  long  time  classed  as  an  inorganic 
compound,  and  looked  ujDon  as  the  hydrate  of  the  hypothetical 
carbon  sesquioxide,  C^Og,  which  was  termed  anhydrous  oxalic 
acid. 

Various  salts  of  oxalic  acid  occur  in  nature,  and  these  will  be 
mentioned  in  their  proper  place.  In  the  free  state  it  occurs  in 
Boletus  igniarms,  and  also,  according  to  some  observers,  in  the 
juice  of  the  chick-pea. 

Oxalic  acid  is  obtained  synthetically  in  a  variety  of  ways. 

(1)  In  the  first  place  it  occurs  when  the  formate  of  an  alkali- 
metal  is  gently  heated :  * 


H.CO.OK 

H 

1 

CO.OK 

1 

H.CO.OK 

1 

H 

+ 

CO.OK. 

(2)  Its  ammonium  salt  is  formed,  together  with  other  pro- 
ducts, when  an  aqueous  solution  of  cyanogen  is  allowed  to  stand 
for  some  time  ; 

CN  CO.ONH, 

I  +     4H,0     =      I 

CN  CO.ONH,. 

Hence  cyanogen  is  the  nitril  of  oxalic  acid,  or  of  dicarloxyl 
^dioxalyl). 

(3)  The  formation  of  oxalic  acid  from  carbon  dioxide  ^  is  of 
special  interest.  If  this  gas  be  passed  over  sodium  heated  to 
360°,  and  finely  divided  with  sand,  sodium  oxalate  is  formed  : 

200^     +     Na,     ^     C,0,Na,. 

The  potassium  salt  may   be  obtained  in  the  same  way  by 

Tyl  ^^'^^%  ^"^   ^^^^'  ^'^^'   ^^^"^-  -P^«'''^-  XXXV.   137;  Pdligot,    Ann.    CMm. 
Ffiys   \2],  Jxxiii.  2-20  ;  Erlenmeyer  and  Gutschow,  Ghcm.  Centralb.  1868   420 
■'  Drechsel,  Ann.  Chcm.  Fharm.  cxlvi.  140.  ' 
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making  use  of  a  boiling  potassium  amalgam  containing  2  per 
cent,  of  this  metal. 

524  Oxalic  acid  is  not  only  an  oxidation-product  of  glycollic 
acid,  but  also  of  most  of  the  members  of  the  group  of 
fatty  bodies,  as  also  of  the  allied  group  of  bodies  containing 
less  hydrogen.  These  bodies  all  yield  oxalic  acid  as  a  final  product 
when  treated  "with  nitric  acid.  Next  to  carbon  dioxide,  oxalic 
acid  is  the  carbon  compound  which  contains  most  oxygen. 
Many  organic  bodies  also  yield  oxalic  acid  when  they  are  fused 
with  caustic  potash.  Acetic  acid  is  only  difficultly  oxidized  by 
nitric  acid,  but  in  alkaline  solution  it  yields  large  qiiantities 
of  oxalic  acid  when  treated  with  potassium  permanganate. 

MamifactiiTQ,.  Scheele  first  obtained  oxalic  acid  by  precipitating 
salt  of  sorrel  with  acetate  of  lead,  and  decomposing  the  product 
with  sulphuric  acid.  In  place  of  this  method,  the  oxidation  of 
cane-sugar  was  afterwards  employed  for  the  preparation  of  oxalic 
acid  on  a  large  scale.  For  this  purpo?;e  8  parts  of  nitric  acid  of 
specific  gravity  1'38  are  gradually  added  to  1  part  of  sugar,  the 
mixture  heated  to  the  boiling  point,  and  the  liquid  then  evaporated 
to  one-sixth  of  its  bulk,  and  allowed  to  cool.  The  acid,  which 
crystallizes  out,  is  purified  by  re-crystallization.  Instead  of  refined 
sugar,  a  cheaper  material,  such  as  brown  sugar,  molasses,  starch- 
sugar,  or  starch,  may  be  employed,  and  the  fumes  of  the  oxides 
of  nitrogen  evolved  may  be  utilized  either  by  passing  them  into 
a  sulphuric  acid  chamber,  or  they  may  be  again  converted  into 
nitric  acid  by  contact  with  air  and  water. 

This  mode  of  making  oxalic  acid  is,  however,  no  longer  in  use. 
In  the  year  1829,  Gay-Lussac  found  that  when  cotton-wool, 
sawdust,  sugar,  starch,  gum,  tartaric  acid,  and  other  bodies  are 
fused  with  caustic  potash,  oxalic  acid  is  formed.^  The  first 
experiments  for  utilizing  this  reaction  on  the  large  scale  were 
made  by  Mr.  John  Dale  of  Manchester,  by  whose  skill  and 
perseverance  the  practical  difficulties  inherent  in  the  working  of 
the  process  were  successfully  removed,  leading,  in  1856,  to  the 
patenting  by  his  firm  of  a  process  for  the  manufacture  of  oxalic 
acid  from  sawdust.  Gay-Lussac  suggested  that  cream  of  tartar 
should  be  employed  for  the  preparation  of  oxalic  acid,  and  at 
the  time  this  suggestion  was  a  practical  one,  as  this  substance 
was  much  cheaper  than  oxalic  acid.  Mr.  Dale  found  that  saw- 
dust was  the  best  material,  and  that  the  caustic  potash  cannot 
be  replaced  in  the  reaction  by  its  cheaper  substitute,  caustic 

1  Ann,  Chim,  Phys.  xli.  398. 
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soda,  as  this  latter  alkali  gives  but  a  very  small  yield.-    Caustic 
potash  was,  however,  then  too  dear  to  permit  its  employment  on 
the  large  scale.     If,  however,  one  molecule  of  potash  and  two 
molecules  of  soda  be  used,   one  part  of   the  crystallized  acid 
can  be  prepared  from  two  parts  of  sawdust.     For  this  purpose  a 
solution  of  the  alkalis,  having  a  specific  gravity  of  1  '35,  is  used, 
and  to  this  sufficient  sawdust  is  added  to  produce  a  thick  paste, 
which  is  then  spread  on  to  iron  plates  and  gradually  heated.     At 
first,  water  is  given  off,  the  mass  then  swells  up  and  disengages 
a  quantity   of  inflammable  gas,    consisting   of  hydrogen   and 
hydrocarbons,  a  peculiar  aromatic  smell  being  at  the  same  time 
noticed.     After  the  temperature  has  been  maintained  at  200° 
for  from  one  to  two  hours,  this  part  of  the  process  may  be  con- 
sidered to   be    complete.      The  whole    of  the  woody  fibre   is 
decomposed,  and  the  mass,  which  has  a  dark-brown  colour,  is 
entirely  soluble  in  water,  but  it  contains  only  from  1  to  4  per  cent. 
of  oxalic  acid,  0*5  per  cent,  of  formic  acid,  and  no  acetic  acid.  The 
mass  is  now  exposed  still  longer  to  the  same  temperature,  great 
care  being  taken  to  avoid  any  charring,  which  would  cause  a  loss 
of  oxalic  acid,  and  as   soon  as  the  mass  has  become  dry  the 
operation  is  complete.    The  product,  which  contains  about  20  per 
cent,  of  anhydrous  oxalic  acid,  combined  of  course  with  alkali, 
is  then  treated  with  warm  water,  when  the  excess  of  alkali  and 
the  salts  of  potash  and  soda  are  dissolved  with  the  exception  of 
the  difficultly-soluble  oxalate  of  soda,  which  falls  to  the  bottom. 
The  purpose  served  by  the  soda  is  here  apparent.     The  super- 
natant liquor  is  drawn  off  and  evaporated  to  dryness,  and  the 
residual   mass   heated    in  a  furnace  in  order  to  drive  off  the 
oreranic  matter  and  recover  the  alkalis  which  it  contains,  and 
which  are  again  employed,  after  having  been   causticized,  for 
acting  on  fresh  sawdust.^     The  oxalate  of  soda  is  decomposed 

^  The  proportion  between  the  two  alkalis  in  this  material  is  of  course  different 
from  that  contained  in  the  original  mixture.  In  order  to  bring  them  quickly  into 
work  again,  it  is  necessary  to  have  a  rapid  method  by  which  their  relative  amounts 
can  be  determined.  A  series  of  experiments  led  Dale  to  the  following  simple  method 
of  analysis.  A  given  volume  of  the  solution  is  neutralized  with  tartaric  acid  of 
known  strength,  and  then  an  equal  volume  of  the  acid  afterwards  added,  when 
acid  potassium  tartrate  is  thrown  down,  its  precipitation  being  aided  by  stu-ring. 
In  order  to  obtain  exact  results,  the  solution  thus  obtained  of  the  acid  sodium  tar- 
trate must  be  nearly  saturated,  or  its  specific  gravity  must  be  1'09.  According 
to  Dale,  cream  of  tartar  do(?s  not  dissolve  appreciably  in  a  solution  of  acid  sodium 
tartrate  if  the  specific  gravity  does  not  fall  below  1*03.  It"  perfectly  accurate 
results  are  required,  the  precipitate  must  be  washed  with  dilute  alcohol.  "When 
the  acid  potassium  salt  (cream  of  tartar)  is  separated^  out,  it  is  filtered  off  and 
washed  w,th  a  small  (piantity  of  water.  The  liltrate  is  treated  with  standard 
soda,  the  amount  of  this  alkali  used  being  equal  to  that  contained  in  the  original 
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by  boiling  witli  milk  of  lime,  when  caustic  soda  and  insoluble 
calcium  oxalate  are  formed.  The  calcium  salt  is  then  decom- 
posed by  sulphuric  acid,  the  liquid  separated  from  the  gypsum 
and  evaporated  to  crystallization.^ 

Other  manufacturers  use  a  mixt\ire  of  equal  molecules  of  the 
two  alkalis,  or,  as  is  now  common,  only  caustic  potash,  as  potash 
salts  are  now  so  much  cheaper  than  formerly.  A  complete 
series  of  experiments  made  by  William  Thorn  ^  have  shown 
that  when  spread  in  thicker  layers,  the  yield  is  larger  the  greater 
the  proportion  of  potash  to  soda.  When  thinner  layers  are  em- 
ployed the  yield  is  still  better,  but  this  remains  constant  whether 
Dale's  proportions  are  employed  or  caustic  potash  alone  is  used. 
This  observation  was,  however,  made  long  ago  by  Mr.  Dale. 
The  kind  of  sawdust  employed  is  of  importance.  Hard  woods 
yield  less  acid  than  soft  woods,  such  as  poplar  and  the  coniferas, 
and  as  pine  sawdust  is  common,  this  is  almost  universally 
employed. 

525  Properties.  Oxalic  acid,  C2H20^  -h  211^0,  crystallizes  readily 
in  monoclinic  prisms.  It  is  easily  soluble  in  water  and  alcohol, 
and  its  acid  taste  is  more  powerful  than  that  of  any  of  the  other 
organic  acids.  It  decomposes  calcium  fluoride,  many  chromates, 
and  the  phosphates  and  arsenates  of  several  of  the  heavy  metals 
(BerthoUet).  When  heated  with  common  salt,  hydrochloric  acid 
is  given  off;  sodium  nitrate  is  likewise  attacked  by  oxalic  acid, 
acid  sodium  oxalate  being  formed  in  both  cases. 

Like  all  strong  acids,  oxalic  acid  acts  in  large  doses  as  a  poison. 
Accidental  poisoning  with  oxalic  acid  usually  results  from  its 
beino"  mistaken-  for  Epsom  salts.  In  small  doses,  however,  it  is 
quite  harmless,  as  is  seen  from  the  fact  that  it  is  contained  in 
garden  rhubarb,  and  many  other  plants  frequently  used  as 
articles  of  food.  Doses  up  to  one  gram  given  to  a  dog  did  not 
produce  any  visible  evil  effects,^  nor  was  any  effect  noticed  in  a 
dog  to  which  twelve  grams  of  normal  potassium  oxalate  were 
administered  for  several  days  (Dale). 

liquid.  The  acid  tartrate  of  potash  is  next  thi'owTi  into  water,  together  with  the 
filter  paper,  and  the  whole  titrated  with  caustic  potash,  and  the  amount  of 
caustic  potash  contained  in  the  mixture  thus  direclJy  obtained.  Comparative 
experiments  with  mixtures  containing  known  c|uantities  of  the  two  alkalis  showed 
that  this  process,  which  is  a  very  quick  one,  yields  accurate  results.  (We  are 
indebted  to  Mr.  Dale  for  these  particulars,  which  are  now  published  for  the  first 
time.) 

^  Schunck,  Smith,  and  Ptoscoe,  Report  Brit.  Assoc.  1861,  120. 

2  Ber.  Entw.  Chevi.  Ind.  ii.  410. 

'  PfeifFer,  Arch,  Pkarm.  [3],  xiii.  544. 
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The  crystallized  acid  gradually  loses  its  water  of  crystalliza- 
tion when  placed  over  sulphuric  acid  ;  and  when  heated  to  100° 
it  falls  to  a  white  powder  which  sublimes  in  white  needles  at 
165°,  a  portion,  however,  undergoing  decomposition  into  carbon 
dioxide  and  formic  acid,  or  into  carbon  monoxide  and  water,  the 
products  of  decomposition  of  the  latter  acid.  At  higher  temper- 
atures this  decomposition  is  complete.  If  the  crystallized  acid 
be  allowed  to  remain  in  contact  with  sulphuric  acid,  glistening, 
strongly-refracting  rhombic  pyramids  of  the  anhydrous  acid 
separate  out,  and  these  must  be  quickly  dried  with  filter  paper, 
and  washed  with  ether,  as  they  quickly  take  up  water  and  fall 
to  powder.^ 

The  commercial  acid  always  contains  alkalis.  In  order  to 
purify  it,  the  solution  is  warmed  for  some  time  to  40°,  allowed 
to  stand  for  six  hours  in  a  cool  place,  filtered,  the  filtrate 
evaporated  to  two-thirds,  and  well  stirred  during  the  cooling. 
The  acid  which  separates  out  is  then  washed  with  cold  water 
and  crystallized  a  second  time  from  boiling  water.  ^  An  acid 
perfectly  free  from  alkali  is  best  obtained  by  sublimation,  or  by 
the  decomposition  of  the  pure  methyl  or  ethyl  ether  with  water. 

526  The  anhydrous  acid  is  not  attacked  by  chlorine, ^  but 
it  decomposes  if  water  be  present,  hydrochloric  acid  and  carbon 
dioxide  being  formed  (Dobereiner).  It  may  be  crystallized  from 
hot  nitric  acid,  but  when  heated  with  nitric  acid  of  specific  gravity 
1'4  for  some  hours  to  160° — 180°,  oxalic  acid  is  completely  con- 
verted into  water  and  carbon  dioxide.^  It  also  suffers  a  similar 
oxidation  at  ordinary  temperatures.  It  is  only  slowly  oxidized  in 
aqueous  solution  in  presence  of  the  peroxides  of  lead  and  of 
manganese  (Manganese  Evaluation,  see  Vol.  II.  Part  II.  p.  26). 
If  the  anhydrous  acid  be  rubbed  up  with  ^ve  times  its  weight 
of  lead  dioxide  the  whole  mass  becomes  incandescent.  Oxalic 
acid  precipitates  finely  divided  gold  from  solution  of  the  chloride 
quickly,  especially  when  heated  (Pelletier),  and  it  also  decom- 
poses platinic  chloride,  but  only  in  the  sunlight  (Dobereiner). 

An  acidified  solution  of  potassium  permanganate  decomposes 
oxalic  acid  according  to  the  following  equation  :  ^ 

2KMnO,  +  SH^SO,  ^  oC^H^O,  -  K^SO,  +  2MnS0,  +  lOCO^ 

-h  8H2O. 

^  Reichardt,  Jcnaer  Zeitsch.  i.  244. 

^  Siebold,  Pharm.  Joum.  Tram.  [3],  vi.  441. 

3  Wdhler  and  Hallwachs,  A7in.  Chem.  Pharm.  xcv.  120. 

^  Erlenmeyer,  Ligel,  and  Belli,  ib.  clxxx.  '220. 

^  Vernon  Harcuurt,  Joum.  Vkem.  Soc.  ['2],   v.  460. 
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This  reaction  is  employed  in  order  to  determine  the  strength 
of  potassium  permanganate  solution,  which  is  frequently  used  in 
volumetric  analysis. 

When  a  dilute  solution  of  oxalic  acifl  is  added  to  uranium 
nitrate  and  exposed  to  the  air,  a  mixture  of  carbon  monoxide 
and  "carbon  dioxide  is  evolved/ 

Oxalic  acid,  when  heated  with  sulphuric  acid,  decomposes  into 
carbon  monoxide  and  carbon  dioxide  (Dobereiner).  Phosphorus 
pentachloride  acts  upon  it  as  follows : 

C2H.O4  +  PCI5  =  CO  +  CO2  +  2HC1  -h  POCI3. 

Phosphorus  trichloride  decomposes  the  crystallized  acid  as 
follows  :  ^ 

C^Hp,  +  2H2O  +  PCI3  ==  CO  +  CO2  +  3HC1  +  P(0H)3. 

From  these  decompositions  it  is  clear  that  neither  the  anhy- 
dride nor  the  chloride  of  oxalyl  can  be  prepared  by  the 
reactions  by  which  these  compounds  are  in  the  case  of  the  other 
series,  usually  obtained. 

Oxalic  acid  is  reduced  to  glyoxylic  ^  or  glycoUic  acid  ^  by  the 
action  of  zinc  and  dilute  sulphuric  acid. 

Oxalic  acid  is  used  largely  in  calico-printing,  dyeing,  the 
bleaching  of  flax  and  straw,  and  in  the  preparation  of  formic 
acid  and  of  the  ethyl  ethers,  but  since  the  introduction  of  so 
many  artificial  colouring-matters,  its  use  for  the  two  first  of  these 
purposes  is  not  now  so  large  as  it  was  formerly. 


OXALATES. 

527  The  oxalates  have  been  carefully  examined  by  Berzelius,^ 
Eammelsberg,^  and  Souchay  and  Lenssen.^ 

They  are  very  numerous,  not  only  the  normal  and  acid  salts 
of  this  dibasic  acid  being  known,  but  the  so-called  super-acid 
and  double  salts  also  existing. 

All  the  oxalates  are  decomposed  on  heating.  The  products 
which  are  thus  formed  varying  according  to  the  chemical  nature 

^  See  Kamp,  Jnn.  Chem.  Fharm.  cxxii.  113. 

2  Hurtzig  and  Geuther,  ib.  cxi.  159. 

3  Church,  Journ.  Chem.  Soc.  [2],  i.  301. 

*  Schulze,  Chem.  Centralb.  1862,  609  and  75S  ^  _ 

5  Lehrbuch.  '  ^''^Iff-  ^.^^-  l"^'^'-  24. 

7  Jnn.  Chem.  Fharm.  xcix.  31  ;  c.  308  ;  cii.  35  ;  cm.  308  ;  cv.245. 
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of  the  metal,  or  according  to  the  presence  or  absence  of  air 
during  the  decomposition.  The  oxalates  of  the  alkali-metals 
leave  a  residue  of  a  carbonate,  as  also  do  those  of  the  alkaiine- 
earth-metals  when  they  are  not  too  strongly  heated.  The 
oxalates  of  the  metals  whose  carbonates  decompose  at  a  high 
temperature  yield,  on  heating  in  presence  of  air,  a  mixture  of 
the  monoxide  and  dioxide  of  carbon,  together  with  the  oxide  of 
the  metal.  When  air  is  excluded,  the  carbon. monoxide  present 
may  cause  a  partial  reduction  of  the  metallic  oxides.  Oxalates  of 
metals  whose  oxides  decompose  on  heating,  yield  carbon  dioxide 
and  the  metal.  On  heating  with  concentrated  sulphuric  acid 
the  oxalates  decompose  in  a  similar  way  to  the  acid  itself,  no 
blackening  in  this  case  taking  place.  This  serves  as  an  im- 
portant distinction  between  oxalic  and  the  other  solid  vegetable 
acids. 

Normal  Potassium,  Oxalate,  CfiJ^^  -f  H^O,  crystallizes  in 
monoclinic  transparent  pyramids  or  prisms,  the  surfaces  of 
which  are  usually  curved.  It  is  easily  soluble  in  water,  and  is 
used  in  the  analysis  of  pyrolusite,  and  for  other  similar 
purposes. 

Acid  Potassium  Oxalate,  CgO^KH,  is  well-known  under  the 
name  of  salt  of  sorrel,  and  occurs  in  various  species  of  oxalis  and 
of  Tiimex,  in  garden  rhubarb  and  various  other  plants.  It  forms 
either  anhydrous  monoclinic  prisms,  or  crystals  belonging  to  the 
triclinic  system,  containing  one  molecule  of  water.  It  is  only 
slightly  soluble  in  cold  water,  and  combines  with  oxalic  acid  to 
form  potassium  quadroxalate ,  CgO^KH  +  C^O^Hg  4-  ^^fi,  the 
salt  crystallizing  in  large  triclinic  crystals.  Commercial  salt  of 
sorrel,  used  for  the  removal  of  inkstains  from  linen,  consists 
generally  of  this  compound. 

The  oxalates  of  potassium  were  first  analysed  by  WoUaston^i 
and  these  researches,  as  well  as  the  analyses  of  the  strontium 
oxalates  by  Thomas  Thomson,  served  as  an  important  confir- 
mation of  the  truth  of  the  law  of  combination  in  multiple 
proportion. 

Normal  Sodium  Oxalate,  CgO^Na^,  requires  thirty-six  parts  of 
water  for  solution  at  the  ordinary  temperature,  but  is  much  more 
easily  soluble  in  hot  water,  and  on  cooling  separates  as  a  sandy 
powder  or  in  fine  glistening  needles.  It  also  occurs  in  various 
plants  grov/ing  in  salt  marshes,  as  salicornia,  salsola,  &c. 

Acid  Sodium  Oxalate,  202O4nNa  +  H.p,  is  still  less  soluble, 

^  Phil.  Trans.  1808,  99. 
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and  forms  hard  crystals  which  are  unalterable  in  the  air,  and 
does  not  form  any  compound  with  oxalic  acid. 

Normal  Ammonium  Oxalate,  GfiJ^^YL^^  ^  HgO,  is  easily 
soluble  in  water,  and  crystallizes  in  rhombic  prisms.  This  salt, 
which  is  used  in  chemical  analysis,  is  found  in  Peruvian 
guano. 

Acid  Ammonium  Oxalate,  2C204H(NH4)  +  HgO,  is  less 
soluble  in  water,  and  crystallizes  in  rhombic  prisms.  It  forms 
with  oxalic  acid  the  compound,  GfiJI(Nli;) +CfiJBi^  +  2H2O, 
isomorphous  with  the  corresponding  potassium  salt. 

528  Calcium  Oxalate,  G^OJJa.,  is  a  compound  occurring  largely 
distributed  in  the  vegetable  kingdom.  It  was  first  discovered 
by  Scheele  in  the  roots  of  the  garden  rhubarb,  and  then  in 
many  other  plants,  and  termed  by  him  calx  saccharata.  It  is 
also  found  in  the  cells  of  plants  in  crystals,  and  then  termed 
raphides.  The  formation  of  these  will  be  remarked  upon  here- 
after. Many  lichens  growing  on  limestone  frequently  consist  of 
nearly  half  their  weight  of  this  salt,^  which  is  also  found  on  the 
marble  of  the  Parthenon,  and  was  described  by  Liebig  as  a  new 
mineral  under  the  name  of  Thierschite,  this  being  probably 
formed  by  the  action  of  a  lichen.  Calcium  oxalate  is  also  found 
in  various  animal  liquids,  as  in  urine.  It  also  occurs  in  urinary 
deposits,  being  known  as  the  mulberry  calculus,  from  its  peculiar 
appearance. 

If  a  neutral  solution  of  a  calcium  salt  be  mixed  with  one  of 
an  oxalate,  calcium  oxalate  separates  out,  even  in  very  dilute 
solution,  as  a  crystalline  precipitate  which  is  insoluble  in  water 
and  acetic  acid,  though  dissolving  in  nitric  and  hydrochloric 
acid,  &c.  This  reaction,  which  is  much  used  to  distinguish 
oxalic  from-  phosphoric  acid,  and  also  for  the  detection  and 
quantitative  determination  of  calcium,  was  noticed  soon  after 
the  discovery  of  oxalic  acid  by  various  chemists,  and  recom- 
mended by  them  as  the  best  means  of  detecting  lime,  but  others 
believed  that  oxalic  acid  was  an  unreliable  reagent,  as  in  pre- 
sence of  mineral  acids  no  precipitate  made  its  appearance. 
Darracq  then  showed  that,  on  neutralization  with  ammonia,  lime 
could  always  be  detected  by  means  of  oxalic  acid. 

Precipitated  calcium  oxalate  contains  water,  and  after  drying 
at  100°  has  the  composition  CgO^Ca  +  HgO,  the  precipitate 
obtained  from  boiling  solution  having  also  the  same  composi- 
tion.    The  same  hydrate  is  obtained  in  monoclinic  laminae  when 

^  Braconnot,  Ann.  Chim.  Phys.  xxviii.  318. 
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the  salt  is  dissolved  ia  boiling  hydrochloric  acid  or  nitric  acid 
and  allowed  to  cool.  It  becomes  anhydrous  at  180°,  but  on 
exposure  to  air  again  absorbs  water.  A  solution  in  an  excess  of 
cold  hydrochloric  acid  deposits  on  standing  tetragonal  tables, 
having  the  composition  CgO^Ca  -h  3Hc,0,  and  this  compound  is 
also  found  in  the  cells  of  plants,  being  probably  deposited  from 
a  saccharine  solution,^  as  Scheibler  has  proved  that  it  easily 
dissolves  in  the  juice  of  mangel-wurzel.  Vesque  ^  has  also 
shown  that  it  readily  dissolves  in  glucose  and  dextrine,  and 
Monier  ^  obtained  it  crystalline  by  allowing  a  solution  of  oxalic 
acid  to  stand  in  contact  with  one  of  lime  dissolved  in  sugar,  and 
these  crystals  exactly  resembled  the  raphides. 

An  acid  calcium  oxalate  is  not  known,  although  barium  and 
strontium  yield,  in  addition  to  the  very  insoluble  normal  salts, 
acid  oxalates,  C^O^Ba  +  C^O JI^  +  2U.p,  and  C.O^Sr  +  Cfiji^ 
+  2H2O.  The  acid  oxalates  are  easily  soluble  in  water,  but  the 
solutions  decompose,  especially  on  warming,  with  separation 
of  the  normal  salt.  They  are  probably  molecular  compounds, 
analogous  to  potassium  quadroxalate.  They  may,  however,  be 
really  acid  salts  having  the  following  constitution: 

X 

^Ba. 

529  Lead  Oxalate,  Cfi^Vh,  is  a  heavy  precipitate,  insoluble  in 
water,  which  is,  however,  soluble  in  nitric  acid,  and  also  in  a 
solution  of  sal-ammoniac  and  other  ammoniacal  salts.  When 
heated  in  absence  of  air  to  300°  it  decomposes  according  to  the 
following  equation  :  * 

SC^O.Pb  -  3CO2  +  CO  -f  Pb^O. 

Silver  Oxalate,  Gfi^Ag^,  is  a  white  precipitate  which  decom- 
poses at  110°,  and  detonates  when  quickly  heated- 

Mercuric  Oxalate,  C^O^Hg.  can  only  be  obtained  in  the  pure 
state  by  adding  mercuric  nitrate  to  a  very  large   excess  of  a 

^  Scheibler,  Zeitsch,  Chem.  [2],  i.  62. 
^  Vesque,  Cowpt.  Re-nd.  Ixxviii.  149. 
3  Monier,  ib.  Ixiii.  1013  ;  Ixxviii.  300. 

\Ve\onze    Anv    Chim.  Phys.  [3],  iv.   104;  see  also  Maumene,  Compt.  Rend. 
Jxxi.  /97  and  837.  ^ 
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solution   of  oxalic   acid.       The   dry   salt   explodes    with   great 
violence  on  percussion. 

Ferrous  Oxalate,  CgO^Fe,  occurs  in  the  brown-coal  formation 
and  is  termed  by  the  mineralogists  humloldtine,  or  oxalite.  It 
contains  1^  molecules  of  water,  and  often  occurs  in  capillary 
forms,  but  also  in  botryoidal  masses,  and  in  plates,  with  a  fibrous 
or  compact  structure.  If  a  solution  of  green  vitriol  be  mixed 
with  oxalic  acid  or  an  oxalate,  ferrous  oxalate  is  thrown  down  as 
a  heavy  bright  yellow  powder,  insoluble  in  water,  and  only 
slightly  soluble  by  dilute  acids.  When  a  solution  of  ferric 
hydroxide  in  aqueous  oxalic  acid  is  exposed  to  the  action  of 
sunlight,  carbon  dioxide  is  evolved,  and  the  ferrous  salt  is  pre- 
cipitated in  fine  lemon-coloured  glistening  crystals.  This 
substance  has,  like  the  precipitated  salt,  the  composition 
GgO^Fe  +  2H2O.  On  heating  it  leaves  a  very  finely  divided 
oxide  of  iron,  which  serves  as  a  useful  polishing  powder  for 
optical  purposes.  It  has  been  proposed  by  Draper  ^  to  employ 
the  above  reaction  as  a  means  of  measuring  the  chemical  action 
effected  by  sunlight.  It  has  also  been  used  as  a  sensitive 
photographic  agent  in  the  production  of  Herschel's  cyanotype. 

If  a  solution  of  a  normal  oxalate  be  added  to  one  of  ferric 
chloride,  a  yellow  precipitate  is  slowly  formed,  which  is  probably 
normal  ferric  oxalate.  This  compound  is  also  formed  when 
ferric  hydroxide  is  treated  with  a  solution  of  oxalic  acid.  An 
excess  of  the  latter  must  be  avoided,  as  the  salt  dissolves  readily 
in  this  acid. 

530  Oxalates  of  AnfAmony.  This  metal  only  forms  insoluble 
basic  oxalates;  but,  on  the  other  hand,  the  double  salts  of 
antimony  and  the  alkali  metals  dissolve  in  w^ater,  and  are  of 
interest,  as,  unlike  most  antimony  salts,  they  are  not  decomposed 
by  water,  for  which  reason  probably  they  might  be  employed  as 
a  substitute  for  tartar  emetic  in  dyeing  and  calico-printing. 

Anti7Yiony  Potassntm  Oxalate,  (C204)3SbKg  -i-  GHgO,  is  obtained 
by  dissolving  antimonic  acid  in  a  hot  solution  of  acid  potassium 
oxalate,  when  it  deposits  in  monoclinic  crystals. 

Antimony  Sodium  Oxalate,  (CoOJgSbNas-h  CgO^NagH-  lOHp, 
is  prepared  in  a  similar  way  to  the  potassium  compound,  and  is 
deposited  in  the  form  of  glistening  crystals.^  Other  double  salts 
have  also  been  described. 

Arsenic  trioxide  seems  to  form  similar  double  salts. 

1  Phil.  Mag.  [4],  xviii.  91. 

2  Svenssen,  Ber.  Deutsch.  Chem.  Ges.  iii.  314. 
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ETHEREAL  SALTS  OF  OXALIC  ACID. 

531  Methyl  Oxalate,  020^(0113)2,  is  a  solid  body,  first  pre- 
pared by  Dumas  and  Peligot  ^  by  distilling  methyl  alcohol  with 
sulphuric  and  oxalic  acids.  According  to  Weidmann  and 
Schweizer,^  salts  of  sorrel  may  be  advantageously  employed  in 
place  of  the  acid.  The  same  chemists  found  that  the  ether  is 
formed  by  heating  wood-spirit  with  oxalic  acid.  According  to 
Erlenmeyer,^  it  is  best  obtained  by  dissolving  anhydrous  oxalic 
acid  in  boiling  methyl  alcohol,  and  bringing  the  crystals  which 
are  deposited,  on  to  a  vacuum  filter,  and  washing  with  cold  water 
until  the  liquid  which  runs  off  no  longer  gives  the  iodoform 
reaction. 

Methyl  oxalate  crystallizes  in  rhombic  tables ;  it  melts  at  51°, 
and  boils  at  1G2°.  When  brought  in  contact  with  water  it 
decomposes,  slowly  in  the  cold  and  more  quickly  on  warming, 
into  oxalic  acid  and  methyl  alcohol. 

'Ethyl  Oxalate,,  Gfi^^^^^.  This  ether  is  a  liquid,  and  was 
first  obtained  by  Bergmann  by  distilling  together  oxalic  acid 
and  spirit  of  wine.  It  was  soon  afterwards  investigated  by 
other  chemists,  who  gave  a  variety  of  methods  for  its  prepara- 
tion.* It  is  best  obtained  according  to  the  method  given  by 
Frankland  and  Duppa.^  A  mixture  of  three  parts  of  anhydrous 
oxalic  acid  and  two  parts  of  absolute  alcohol  is  slowly  heated 
for  some  time  in  a  tubulated  retort  to  100°,  and  afterwards  the 
temperature  raised  to  125° — 130°,  when  the  vapour  of  two 
parts  of  absolute  alcohol  is  passed  in.  The  product  is  then 
purified  by  fractional  distillation. 

Ethyl  oxalate  is  a  liquid  possessing  a  slightly  aromatic  smell, 
boiling  at  186°,  and  having  at  15°  a  specific  gravity  of  1'0824. 
It  behaves  in  a  similar  way  with  water  to  methyl  oxalate.  This 
substance  is  used  for  the  separation  and  purification  of  the  amines 
(Vol.  III.  Part  I.  p.  221),  and  for  the  synthetical  preparation  of 
various  acids  of  the  lactic  acid  group.  Ethyl  oxalate,  when  exposed 

^  Ann.  Chim.  Phys.  Iviii.  44;  Aim,  Chem.  Pharm.-xv,  32. 

^  Pogg.  Anil,  xliii.  602  ;  see  also  Wbhler,  Ann.  Cliem.  Pharm.  Ixxxi.  376. 

^  Pep.  Pharm.  [2],  xxiii.  432  ;  see  also  Cahours  and  Demargay,  Bull.  Soc. 
Chim.  [2],  xxix.  468.  ^  / 

*  Thenard,  Mem.  Soc.  d^AcueiL  ii.  11  ;  Bauhof,  Sehweig.  Journ.  xix.  308  ; 
Dumas  and  Boullay,  Jonrn.  Pharm.  xiv.  113;  Mitscherlich,  Lehrh ;  Liiwig, 
Journ.  Prakt,  Chem.  Ixxxiii.  129  ;  Ixxxiv.  1  ;  Kolbe  and  Kalle,  Ann. ,  Chem, 
Pharm.  cxix.  173. 

fi  2b.  1. 
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to  the  action  of  chlorine  in  sunlight,  yields,  as  the  last  product, 
perchlorethyl  oxalate,  C.^O^(CoGl5)2,  an  odourless  body,  crystal- 
lizing in  rectangular  prisms,  which  melt  at  144°.^  Ethyl  oxalate 
decomposes  on  repeated  distillation  into  carbonyl  chloride,  car- 
bonic oxide,  and  triacetyl  chloride.  When  it  is  heated  with 
sodium,  carbon  monoxide  is  formed  and  ethyl  carbonate  pro- 
duced.*^ The  same  decomposition  takes  place  when  sodium 
ethylate  is  employed,  other  products  being  also  produced.^ 

Acid  Ethyl  Oxalate,  or  Ethyl  Oxalic  Acid,  C204(C2H5)H,  The 
potassium  salt  of  this  acid  is  obtained  by  the  action  of  a  solution 
of  caustic  potash  in  absolute  alcohol  on  ethyl  oxalate,  when  this 
compound  separates  out  in  laminae.  If  these  be  dissolved  in 
aqueous  alcohol,  some  potassium  oxalate  remains  behind,  and,  on 
addition  of  the  requisite  quantity  of  sulphuric  acid  to  the  filtrate, 
potassium  sulphate  is  thrown  down,  whilst  ethyl  oxalic  acid 
remains  in  solution.  If  this  be  diluted  with  water,  saturated 
with  barium  carbonate,  and  the  filtrate  evaporated  on  the 
water-bath  to  a  small  bulk,  crystals  of  barium  ethyl  oxalate  are 
obtained.  By  decomposing  the  aqueous  solution  of  this  salt 
wdth  dilute  sulphuric  acid,  free  ethyl  oxalic  acid  is  obtained. 
It  is  very  unstable,  decomposing  readily  into  alcohol  and  oxalic 
acid,  even  when  the  solution  is  evaporated  in  a  vacuum.* 

Ethyl  Oxalyl  Chloride,  C.f)^(pG^^)Q\,  is  formed  by  the  action 
of  phosphorus  oxychloride  on  potassium  ethyl  oxalate.  It  is  a 
fuming  mobile  liquid,  possessing  a  suffocating  odour,  boiling  at 
140°,  and  exhibiting  the  usual  properties  of  the  acid  chlorides.^ 

Amongst  other  ethereal  salts  of  oxalic  acid  the  following 
may  be  mentioned  : 

B.  P. 

6  Methyl-ethyl-oxalate,  Qfi,[G'R^){Q^^)  .     160—170° 

7  Propyl  oxalate,  (^filG.^ll^\  .     .     .     209—211° 

7  Isobutyl  oxalate,        C^O^G^B.^)^ .     .     .     244—246° 

8  Amyl  oxalate,  G.p,{G,B^^\      .     .         265° 


^  Malaguti,  Ann.  Chim.  PMjs.  [2],  Ixxiv.  299. 
2  Ettling,  Ann.  Chem  Pharm.  xix.  17. 

'  Geuther,  Zeitsch.  Chem.  [2],  iv.  656  ;  Cranston  and  Dittmar,  Journ.  Chem, 
Soc.  [2],  vii.  441. 
■*  Mitscherlich,  Fogg.  Ann.  xxxiii.  332. 
^  Henry,  Ber.  Deutsch.  Chem.  Ges.  iv.  598. 
«  Chancel,  Jahresb.  1850,  469. 
'  Cahours,  Compt  Hend.  Ixxvii.  749  and  1408. 
**  Balard,  Ann.  Chim.  Phys,  [3],  xix.  309 ;  Delffs,  Jahresb.  1854,  26. 
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AMIDO-COMPOUNDS  OF  OXALYL.. 

532  Oxariiidc,  C20^(NH2)2-  This  body  was  obtained  by  Bauhof 
in  1817,  by  acting  upon  ethyl  oxalate  with  aqueous  ammonia.^ 
He,  however,  considered  it  to  be  "an  intimate  triple  compound, 
consisting  of  oxalic  acid,  alcohol,  and  ammonia."  Liebig,^  in  . 
1834,  showed  that  the  body  thus  prepared  is  identical  with  the 
oxamide  obtained  by  Dumas  in  1830  by  distillation  of  ammonium 
oxalate. 2 

In  order  to  prepare  it,  ethyl  oxalate,  which  need  not  neces- 
sarily be  perfectly  pure,  is  shal^en  up  with  aqueous  ammonia. 
The  liquid  becomes  warm,  and  oxamide  separates  out  as  a  white 
precipitate.  Oxamide  is  also  formed,  together  with  other  pro- 
ducts, by  the  action  of  nitric  acid  on  potassium  ferrocyanide,*  as 
well  as  when  potassium  cyanide  is  warmed  with  manganese 
dioxide  and  a  small  quantity  of  sulphuric  acid,  or  when  aqueous 
solutions  of  hydrocyanic  acid  and  hydrogen  dioxide  are  allowed 
to  stand  for  some  days.^ 

Oxamide  is  a  light  crystalline  powder,  almost  insoluble  in 
water,  alcohol,  and  ether.  When  heated  with  alcohol  for  a 
few  days  to  210°— 220°,  it  is  converted  into  small  rectangular 
prisms  with  pyramidal  terminations.^  It  is  perfectly  neutral. 
When  boiled  with  water  and  mercuric  oxide,  the  compound 
2C202(NH2)2  +  HgO  is  formed  as  a  white  insoluble  powder.'' 
When  oxamide  is  heated  with  water  and  strong  acids  or  alkalis, 
it  forms  oxalic  acid  and  ammonia. 

Ethyl  Oxamide,  C0.NH(C2H5).C0(iN^H,),  is  easily  formed  by 
the  action  of  aqueous  ammonia  on  ethyl  oxamethane  (p.  121). 
It  is  easily  soluble  in  water,,  alcohol,  and  ether,  melts  at 
202° — 203°,  but  sublimes  at  a  lower  temperature  in  fine  woolly 
crystalline  masses  (Wallach  and  West). 

533  Diethyl  Oxamide,  C202(NH.C2H5)2,  was  first  prepared  by 
Wurtz  by  acting  with  ethylamine  on  ethyl  oxalate.^  It  is 
best  prepared  by  mixing  a  well-cooled,  concentrated   aqueous 

'  Schwcig.  Journ.  xix.  313. 

2  Ann.  Chcm.  Pharm.  ix.  11  and  129. 

3  Ann.  Chim.  Phys,  xHv.  ]29  ;  liv.  240. 

^  Playfair,  Phil.  Trans,  1849,  ii.  477  ;  ses  also  Vol.  II.  Part  IL.  p.  115. 

^  Attfield,  Journ,  Chem.  Soc.  [2],  i.  94. 

^  Geuther,  An7i.  Chem.  Pharm.  cix.  72. 

^  Dessaignes^  ^w?i.,  Chim.  Phys.  [3],  xxxiv.  143 

3  lb,  xxz.  490. 
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solution  of  ethylamine  "witli  etliyl  oxalate.''-  This  compound 
crystallizes  in  needles  wliich  are  difficultly  soluble  in  water  but 
dissolve  more  easily  in  alcohol,  and  it  volatilizes  without  de- 
composition. By  acting  upon  it  with  phosphorus  pentachloride 
the  following  compounds  are  obtained  : 

CC1,.N(C,H,)H  CC1.N(C,H,)H 

I  and  II 

CC1,.N(C2H,)H  CCLN(G,H5)H. 

These  have  not  yet  been  prepared  in  the  pure  state.  Their 
probable  constitution  is,  however,  indicated  by  the  fact  that  they 
maybe  again  converted  into  diethyl  oxamide  by  means  of  water. 
If,  however,  the  product  be  allowed  to  stand  for  some  days  witk 
the  phosphorus  oxychloride  which  has  been  formed,  decomposition 
occurs,  and  the  tertiary  amine,  chloroxalethyline,  C^-HcjClNg,  is 
formed,  the  hydrochloride  of  which  remains  behind  if  the  phos- 
phorus oxychloride  be  distilled  off  under  diminished  pressure. 
This  substance  crystallizes  in  prisms,  and  yields  a  crystalline 
platinichloride.  By  distillation  with  caustic  potash  the  free 
base  is  obtained  as  an  oily  narcotic-smelling  liquid,  boiling  at 
217° — 218°,  and  having  an  alkaline  reaction  and  crystalHzing 
when  strongly  cooled.  It  combines  with  various  metallic  salts, 
forming  crystalline  compounds,  and  with  the  iodides  of  the 
alcohol  radicals  to  form  compound  ammonium  iodides,  such  as 
CeHgClNa-CHgl,  crystallizing  in  prisms,  and  yielding  a  strongly 
alkaline  hydroxide  on  treatment  with  silver  oxide. 

By  the  action  of  sodium  on  a  solution  of  chloroxalethyline  in 
petroleum  oil,  dioxaUthyline,  CjgHigN^,  is  formed,  a  thick  liquid, 
having  an  alkaline  reaction,  and  boiling  above  300°.^ 

OxaUthyline,  CgH^^jNg,  is  formed  when  the  chlorine-compound 
is  heated  with  hydriodic  acid  and  amorphous  phosphorus,  and  the 
product  decomposed  by  caustic  soda.  It  is  a  thick,  transparent, 
oily  liquid,  boiling  at  212° — 213°,  and  having  a  strongly  narcotic 
smeU.^  Most  of  its  salts  crystallize  well,  and  like  chloroxal- 
ethyline  it  is  a  tertiary  base.^ 

Oxalethyline  is  poisonous,  producing  the  same  symptoms  as 
atropine,  the  poisonous  principle  of  the  deadly  nightshade,  espe- 
cially the  dilatation  of  the  pupil,  though  it  does  not  act  so 
powerfully   as  this  alkaloid.     Chloroxalethyline,   on  the  other 

^  Wallaeh,  Ann.  Ckem.  Pharm.  clxxxiv.  33. 

''  Wallach  and  Oppenheim,  Ber.  DeiUsch,  Chem.  Ges,  x.  1193. 

*  Wallanh  and  Strieker,  ib.  xiii.  511. 

•1  Wallach  and  E.  Schultze,  ib.  514. 
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hand,  does  not  produce  these   symptoms,    and   acts   upon  the 
brain  in  a  similar  way  to  chloral  hydrate.-^ 

The  oxamides  of  the  other  alcohol  radicals  give  compounds 
similar  to  those  which  have  been  now  described.^ 

534  Oxamic  Add,  C0(NH2)C0._^H,  was  discovered  in  1842  by 
Balard,^  who  obtained  it  by  heating  acid  ammonium  oxalate. 
Its  ammonium  salt  is  formed  when  oxamide  is  boiled  for  some 
time  with  aqueous  ammonia  :  ^ 

CO.NH,  CO.NHs 

I  +     H,0     =      I 

CO.NHg  CO.ONH4. 

Free  oxamic  acid  is  obtained  from  this  salt  by  decomposition 
with  hydrochloric  acid.  It  is  deposited  as  a  fine  crystalline 
powder,  which  dissolves  at  14°  in  seventy-one  parts  of  water, 
and  melts  at  173°,  yielding  oxamide  and  the  products  of  decom- 
position of  oxalic  acid.  If  the  acid  be  boiled  with  water  it 
combines  with  it  to  form  acid  ammonium  oxalate.  It  is  mono- 
basic, and  forms  crystalline  salts.^ 

Mhyl  Oxamate,  or  Oxamethane,  CO(NH2)C02(C2ll5),  was  dis- 
covered in  1S28  by  Boullay  and  Dumas,*^  and  then  examined  by 
the  latter  chemist,  who  termed  it  oxamethane/  as  well  as  by 
Liebig,^  who  considered  it  to  be  ''anoxamate  of  ammonia."  It 
is  best  prepared  by  dissolving  ethyl  oxalate  in  two  to  three 
volumes  of  alcohol,  and  gradually  adding  to  this  liquid,  well 
cooled  with  ice,  the  requisite  quantity  of  ammonia  in  alcoholic 
solution.^ 

It  is  easily  soluble  in  water  and  alcohol,  and  crystallizes  in 
flat,  long,  rhombic  needles,  which  melt  at  114" — 115^^**  It  can 
be  distilled  without  decomposition,  and  is  quickly  converted  by 
.ammonia  into  oxamide. 

535  Ethyl  Oxamic  Acid,  CO.NH(C2H5)C02H,  was  obtained  by 
Wurtz^i  by  heating  acid  ethylamine  oxalate  to  180°.  Heintz^^ 
discovered  it  amongst  the  products  of  the  action  of  ethylamine 

^  H.  Sehultz,  Ber.  DentscK  (Vi-em.  Ges.  xiii.  2353. 

2  "Wallach  and  E.  Schultze,  ih.  xiv.  420. 

^  Ann.  Chim  Phys.  [3],  iv.  93. 

^  Toussaint,  Ann.  Chem.  Pharm.  cxx.  237, 

'5  Engstrom,  Journ,  Prakt.  Cliem.  Ixviii.  433  ;  Bacaloglo,  ih.  Ixxxi.  379. 

^  Ann.  Chim.  Phys.  xxxvii.  37.  7  76.  liv.  241, 

^  Ann.  Chem.  Pharm.  ix.  129. 

^  Joum.  Prakt.  Chem.  [2],  x.  193. 

^^  "Wallacli,  Ann.  Chem.  Pharm.  clxxxiv.  8. 

"  Ann.  Chim.  Phys.  [3],  xxx.  490. 

^^  Ann.  Chem.  Plmrm.  cxxvil  43, 
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oa  ethyl  oxalate.  Wallach  and  West^  have  shown  that  the 
ethyl  ether  is  formed  in  this  reaction,  and  is  hest  obtained  by 
mixing  a  solution  of  the  amine  in  absolute  alcohol  with  ethyl 
oxalate,  allowing  the  mixture  to  stand  for  some  time,  and 
then  distilling  the  alcohol  off  and  fractionating  the  residue  in 
order  to  separate  the  excess  of  ethyl  oxalate.  Diethyl  oxamide 
crystallizes  out  from  the  higher  boiling  portions  on  cooling,  and 
its  separation  may  be  aided  by  placing  it  in  a  freezing  mixture. 
It  is  then  brought  on  to  a  vacuum  filter  and  freed  from  the 
liquid.  This  latter,  which  is  ethyl  ox'iynefhane,  CO.NH(C2H5) 
CO2.C2H5,  boils  at  244^—246°.  When  pure  it  has  a  faint  smell, 
but  usually  smells  of  the  carbamines.  It  is  decomposed  by 
w^ater,  and  more  readily  by  bases  with  formation  of  ethyl 
oxamic  acid.  This  latter  substance  is  easily  soluble  in  water, 
crystallizes  in  six-sided  laminae,  melts  at  120°,  and  sublimes, 
when  strongly  heated,  in  thin,  elastic  needles. 

Diethyl  Oxamic  Acid,  GO.'^{G,^^fiO^.  The  ethyl  ether 
of  this  acid  is  formed  by  acting  with  diethylamine  on  ethyl 
oxalate.  It  is  a  liquid  boiling  at  160°.^  When  heated  with 
milk  of  hme  this  ether  yields  tlie  calcium  salt  of  the  acid. 
From  this  the  free  acid  can  be  obtained  by  the  addition  of  oxalic 
acid.  It  is  easily  soluble,  and  crystallizes  in  monoclinic  prisms, 
which,  on  heating,  fuse  and  easily  sublime  in  thin  needles.^ 

Besides  the  ethylated  oxamides  and  oxamic  acids  above 
described,  a  large  number  containing  other  or  two  different 
alcohol  radicals  have  been  prepared.  Their  mode  of  preparation, 
reactions,  &c.,  correspond  to  those  of  the  ethyl  compounds. 

Isodiethyloxamide,  GOQ^'H.^QOl^ifi^^^.  is  obtained  when  the 
ethyl  ether  of  the  foregoing  compound  is  treated  with  concen- 
trated aqueous  ammonia.  It  crystallizes  in  large,  thick  prisms, 
fuses  at  126'— 127^  and  boils  at  266°— 268°;  it  begins,  how- 
ever to  sublime  at  100°.  When  heated  with  phosphorus  pent- 
oxide  the  nitril  of  diethyl  oxamic  acid,  CN.GO(N.C2lIg)2,  is 
formed.     It  is  a  faintly  smelling  liquid,  boiling  at  219° — 220°. 

THethyl  Oxamide,  CO(NH.C2HJCON(C2H5)2,  is  formed  when 
the  ethyl  ether  of  diethyl  oxamic  acid  is  treated  with  ethyl- 
amine.     It  is  a  liquid  soluble  in  water,  boiling  at  257° — 259°.^ 

Dihydroxyl  Oxamide,  C202(NH.OH)2,  is  obtained  by  the  addi- 
tion of  ethyl  oxalate  to  a  boiling  alcoholic  solution  of  hydroxyl- 

^  Ann.  Chem.  Pharm.  clxxxiv.  57. 

2  Hofaianu,  Compt.  Mend.  lii.  902. 

^  Heintz,  Ann.  Chem.  Pharm.  cxxvii.  43. 

*  Wallach,  Ber.  Deutsch.  Che7ii.  Ges.  xiv.  735. 
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amine.  On  cooling,  the  compound  C202(NH.OH)2.]^^H20H 
separates  out  in  thin  laminte,  "which  decompose  on  addition  of 
hydrochloric  acid,  and  on  evaporation  yield  a  crystalline  mass 
■which  is  purified  by  recrystallization.  It  is  difficultly  soluble  in 
water,  crystallizes  in  small  prisms,  and  acts  as  a  weak  dibasic 
acid.     Both  it  and  its  salts  deflagrate  on  heating.^ 

The  carbamide  compounds  of  oxalic  acid  were  first  obtained  by 
oxidizing  uric  acid.     They  will  be  described  under  that  acid. 

The  Nitrils  of  Oxalic  Acid. 
536  Dibasic  oxalic  acid  forms  the  two  following  nitrils  : 

Cyanformic  Acid.  Oxalonitril,  or  Cyanogen. 

CN  ON 

CO.OH.  ON. 

Cyanformic  Acid,  CN.COgH.  This  compound,  commonly 
called  cyancarhonic  acid,  is  not  known  in  the  free  state,  but 
Weddige  has  prepared  several  of  its  ethers  by  heating  oxamic 
ethers  with  phosphorus  pentoxide  to  150° — 170°  :^ 

CO.NH2  ON 

I  =1  +     H,0. 

CO.OC2H5  CO.OC2H5 

Ethyl  Cya7iformate,  CN.COgCgHg,  is  also  formed  by  the 
action  of  phosphorus  pentachloride  on  ethyl  oxamate.^  It  is  a 
mobile,  highly  refracting,  ethereal  smelling  liquid,  boihng 
at  116°.  Nascent  hydrogen  reduces  it  to  glycocol  (Wallach). 
When  heated  with  water  it  decomposes  with  formation  of  hydro- 
cyanic acid,  carbon  dioxide,  and  alcohol.  Concentrated  hydro- 
chloric acid  converts  it  into  oxalic  acid,  but  the  gaseous  acid 
transforms  it  into  its  polymeride,  eth^l  para cyaTiform ate,  the 
probable  formula  of  which  is  G3N3(CO.  003115)3.  This  body 
is  deposited  in  glistening  crystals,  scarcely  soluble  in  water,  and 
-dissolving  only  with  difficulty  in  boiling  alcohol.  The  crystals 
melt  at  165°,  and  decompose  when  more  strongly  heated.  Cold 
caustic  potash  decomposes  the  ether  with  formation  oi potassium 
paracyanformate,  03N3(C02K)g,  crystallizing  in  long  needles. 
Hydrochloric  acid  added  to  this  substance  liberates  the  free  acid, 

^  Lessen,  Ann.  Chein,  Pharm.  cl.  314. 

2  Journ.  PraM.  Chcm.  [2],  x.  193. 

^  Wallach,  Ann,  Chcm,  Pharm.  clxxxiv.  l2. 
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as  a  -white,  light,  crystalline  powder,  very  difficultly  soluble  in 
water,  and  decomposing  when  strongly  heated.  On  boiling  with 
water,  oxalic  acid  and  ammonia  are  formed. 

Ethyl  Isocyanfonnate,  CN.CO,^(C2H5).  This  body,  a  compound 
belonging  to  the  carbamines  (Part  I.,  p.  159),  was  termed  by 
Salomon  isocyancarbonic  ether.  He  obtained  it  by  acting  with 
alcoholic  potash  on  ethyl  carbamate  and  chloroform,  but  he  could 
not  examine  it  farther  as,  unfortunately,  he  inhaled  some  of  its 
vapour,  which  produced  so  serious  an  effect  on  his  lungs  that 
convulsions  ensued,  and  although  he  recovered,  his  health  was 
so  much  shattered  that  he  gave  up  the  further  examination  of 
this  unpleasant  substance.  He  only  further  remarks  that  it 
possesses  the  peculiar  smell  of  the  carbamines.  ■'■ 

537  Oxalonitril^  or  Cyanogen,  CgNg.  This  body,  already  de- 
scribed in  the  first  volume,  must  here  again  be  mentioned,  on 
account  of  its  relationship  with  oxalic  acid.  It  was  discovered 
in  1815  by  Gay  Lussac,  who  showed  that  the  cyanides  of  mercury 
and  silver  are  decomposed  when  heated  into  cyanogen  and  the 
metal.^  It  is  likewise  formed  when  oxamide  is  heated  with 
phosphorus  pentoxide,^  and  also  by  passing  the  induction  spark 
from  carbon  poles  in  an  atmosphere  of  nitrogen.^ 

In  order  to  prepare  it,  well-dried  cyanide  of  mercury  is  heated 
in  a  tube  or  small  retort  of  hard  glass,  and  the  gas  collected  over 
mercury.  It  is  colourless,  possesses  a  peculiar  smell  resembling 
peach-kernels,  and  is  easily  inflammable,  burning  with  a  bluish 
purple-mantled  flame.  Its  specific  gravity  is  1'8064.  By  pres- 
sure and  by  cooling  it  is  converted  into  a  liquid  which  boils  at 
-  20°-7,  and  at  17°"2  has  a  specific  gravity  of  0-866  (Faraday). 
Hofmann  has  described  a  simple  apparatus  for  liquefying 
cyanogen.^  On  further  cooling  it  solidifies  to  a  radiating 
crystalline  mass,  which  melts  at  —  34°'4.  Water  dissolves  about 
4"5  times  its  volume  of  the  gas;  the  solution,  however,  soon 
becomes  yellow,  and  then  brown,  depositing  brown  flakes  of 
azulmic  acid,  C^HgN^O,  whilst  the  liquid  is  found  to  contain 
ammonium  oxalate,  ammonium  oxamate,  ammonium  carbonate, 
oxamide,   and  urea.®     In  presence  of  small  traces  of  aldehyde 

^  Jo^trn.  Praht.  Ckcm.  [2],  ix.  298. 
^  Ann.  Chim.  xcv.  172. 
3  Bertagniui,  Arm.   Chem.  Pharm.  civ.  176. 
■*  Morren,  Compt.  Rend,  xlviii.  342. 
^  Per.  Deutsck.  Chem,  Ges.  iii.  663. 

"  Vauquelin,  Ann.  Chim.  Phys.  xxii.  132 ;  Wohler,  Pogg.  Ann.  xv.  627  ; 
Pe]oU2e  and  Richardson,  Ann,  Chem.  Pharm.  xxvi.  63. 
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scarcely  anything  but  oxamide  is  formed.^  The  same  compound 
is  obtained  when  strong  hydrochloric  acid  is  saturated  with 
cyanogen.^ 

Dry  sulphuretted  hydrogen  does  not  act  upon  cyanogen,  but 
in  presence  of  aqueous  vapour  the  two  following  products  are 
formed.^ 

538  Thioxalenide,  or  Hydroflamc  Acid,  CN.CS.NHg,  crystal- 
lizes in  yellow  needles,  soluble  in  water  and  alcohol. 

Thio-oxamide,  or  Hydroriibianic  Acid,  (CS)2(NH2)2,  forms 
yellowish-red  crystals,  difficultly  soluble  in  water,  but  dissolving 
more  readily  in  hot  alcohol. 

Both  these  compounds  decompose  on  boiling  wdth  dilute 
alkalis  and  acids  with  formation  of  oxalic  acid,  ammonia,  and 
sulphuretted  hydrogen. 

Aqueous  ammonia  absorbs  cyanogen  gas  rapidly,  and  the 
solution  soon  forms  the  same  products  as  are  found  in  aqueous 
solutiod,^ 

Dry  ammonia  gas  combines  with  cyanogen  to  form  hydra- 
zulmin,  C^HgNg,  a  jet  black,  glistening  amoi-phous  mass,  which 
forms  with  water  the  above-named  azulmic  acid  or  hydra- 
ziolmoxin  and  ammonia.  This  body  has  a  special  interest 
because  it  stands  in  close  relation  to  uric  acid  (Jacobsen  and 
Emmeriing). 

Paracyanogen,  (CN)x,  is  always  formed  in  small  quantity  when 
the  cyanides  of  silver  and  mercury  are  heated  as  also  when 
hydrazulmin  is  heated.  It  is  a  brown  amorphous  powder 
which,  when  heated  for  some  time,  volatilizes  with  formation  of 
cyanogen. 
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539  Propylene,  or  Methyl  Ethylene,  CH3CH=CH2.  This  gas 
was  discovered  by  J,  W.  Reynolds,  who  obtained  it  together  with 
other  products  by  passing  the  vapour  of  amyl  alcohol  through  a 
tube  heated  to  moderate  redness.     That  it  is  formed  in  this 

1  Liebig,  Ann.  Clicm.  Pkarm.  cxiix.  246. 

2  Volhard,  ib.  clviii.  118. 

8  Gay  Lussac,  Ann.  Chim.  xcv.  136  ;  Poret,  Ann.  Phil,  xiii,  363  ;  "Wohler, 
Fogg.  Ann.  iii.  177  ;  Yolckel,  Aim.  Chem.  Fharm.  xxxviii.  314. 

*  Wohler,  Fogg.  Ann.  iii.  177  ;  xii.  253 ;  Jacobsen  and  Emmeriing,  Ber. 
Deutsch.  Chem,  Ges.  iv.  947. 
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process  in  considerable  quantity  was  shown  by  Eeynolds,  by  pre- 
paring tbe  dichloride  and  dibromide,  which  he  analysed.^  About 
the  same  time  Hofmann  found  that  this  gas  occurs  amongst  the 
products  of  the  action  of  a  red-heat  upon  valeric  acid.^  Pure 
propylene  was  first  prepared  by  Berthelot  and  de  Luca  by  acting 
with  zinc  and  dilute  sulphuric  acid,  or  with  mercury  and  fuming 
sulphuric  acid  on  allyl  iodide,  CgHJ.^  In  the  last  case  allyl- 
mercury  iodide,  CgHgHgl,  is  formed,  and  this  is  decomposed  by 
strong  acid  or  sulphuretted  hydrogen  with  formation  of  pro- 
pylene.^ Allyl  iodide  also  yields  pure  propylene  when  its 
solution  in  glacial  acetic  acid  is  allowed  to  run  on  to  granu- 
lated zinc.^  Instead  of  glacial  acetic  acid,  alcohol  may  also  be 
employed,^  and,  according  to  Niederist,  this  latter  method  is 
to  be  preferred^  The  following  is  the  reaction  which  then 
occurs : 

CgH.I  +  C2H5.OH  +  Zn  =  CgHg  +  C^H^OZnl. 

Propylene  is  also  obtained  by  heating  secondary  propyi  iodide 
with  alcoholic  potash,^  as  well  as  by  allowing  a  mixture  of  iso- 
propyl  alcohol  and  2'6  times  its  volume  of  zinc  chloride  to  stand 
for  twenty-four  hours  and  then  heating  it.®  Propylene  is  also 
obtained  in  considerable  quantities,  but  mixed  with  hydrogen, 
when  glycerin,  C3H3O3,  is  mixed  with  zinc  dust,  to  form  a  thick 
paste,  and  the  mixture  heated.-^° 

By  the  action  of  zinc  ethyl  on  tetrachlormethane,  the  following 
reaction  takes  place  :  ^^ 

2CC1,  -h  SZnCCaH^)^  =  2C3Hg  +  SC^H^  +  2C2H5CI  -\-  SZuC^ 

Zinc  ethyl  acts  in  a  similar  way  on  bromoform  :  ^^ 

CHBr3  +  Zn(C,H,),=  G3H,  +  C^H.Br  +  ZnBr,. 

Propylene  also  occurs  frequently  amongst  the  products  of 
decomposition  of  organic  bodies  by  heat,  and  is,  therefore,  found 
in  coal  gas. 

Propylene  gas  possesses  an  alliaceous  smell,  has  a   specific 

^  Quart.  Journ   Chem.  Soc.  iii.  111.  ^  lb.  121. 

3  Ann.  CMm.  Pkys.  [3],  xliii.  257  ;  Ann   Chem,  Fharm.  xcii.  306. 

*  Linnemann,  ib.  Suppl.  iii.  262.  ^  lb.  clxi.  54. 

^  Gladstone  and  Tribe,  Journ.  Chem.  Soc.  1874,  211. 

^  Ann.  Chem.  Fharm.  cxcvi.  358. 

^  Erlenmeyer,  ib.  cxxxix.  228. 

®  Friedel  and  Silva,  Compt.  Rend.  Ixxvi.  1594. 

^**  Clans  and  Kerstein,  Ber.  Deutsch.  Chem.  O'es.  ix.  695. 

^^  Beilstein  and  Rieth,  Ann  Chem.  Pharm,  cxxiv.  242. 

^^  Beilstein  and  Alexejew,  Jahresb.  1864,  470. 
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gravity  of  1*498,  and  is  not  liquefied  at  —  40°,  but  under  increased 
pressure  it  can  be  condensed  to  a  liquid  (Berthelot  and  de  Luca) . 
One  volume  of  water  absorbs  at  ^ 

f  =  0446506  -  0-022075  t  +  0  0005388  fi. 

Absolute  alcohol  dissolves  about  twelve  volumes  of  the  gas, 
and  concentrated  sulphuric  acid  200  volumes,  with  formation  of 
isopropyl  sulphuric  acid  (Berthelot). 

540  PTO])ylene  Alcohol,  or  Froi^ylene  Glycol,  Q.^Q(01S)t^, 
was  obtained  by  Wurtz  from  propylene  bromide  in  the  same 
way  as  ethylene  alcohol  from  ethylene  bromide.^  It  is  also 
formed  when  propylene  bromide,  mixed  with  about  thirty-six 
parts  of  water,  is  boiled  in  connection  with  a  reversed  condenser 
until  it  is  all  dissolved.  In  this  way  about  43  per  cent,  of 
the  theoretical  yield  is  obtained,  whilst  at  the  same  time  a  con- 
siderable quantity  of  dimethyl  ketone  is  formed.  The  production 
of  these  compounds  is  explained  by  the  following  equations :  ^ 

CH3  OH, 

I  I 

+         2HBr. 


CHBr 

+ 

2H3O 

CH.OH 

1 

CH^Br 

CH2OH 

CH3 

CH3 

1 

CHBr 

1 

+ 

H2O 

1 

CO 

1 

GH^Br 

1 

CH3 

2HBr. 


Propylene  glycol  is  a  thick  liquid  having  a  sweetish  taste,  and 
boiling  at  18y°'4  (Linnemann).  At  0°  it  has  a  specific  gravity 
1-054. 

Propylene  glycol  can  also  be  obtained  from  glycerin, 
CH2(OH).CH(OH).CH2(OH).  If  this  body  be  gradually  brought 
in  contact  with  sodium  amalgam  until  one  molecule  of  glycerin 
has  been  employed  for  one  atom  of  sodium,  a  transparent  gum- 
like mass  is  formed,  and  this  on  heating  first  gives  off  water,  and 
then  evolves  a  gas,  whilst  a  liquid  passes  over  from  which  glycol 
may  be  separated  by  fractional  distillation.  The  quantity 
obtained  amounts  to  10  per  cent,  of 'the  glycerin  employed.     In 

^  Than,  Ann.  Chem.  Pharm.  cxxiii.  187. 
2  Ann.  Ghim.  Phys  [3],  Iv.  438  ;  Ixiii.  124. 
^  Niederist,  Ann.  Clicm.  Plta^nn.  cxcvi.  357. 
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place  of  the  amalgam,  caustic  soda  may  also  be  used.  The  , 
residue  contains  the  sodium  salts  of  several  acids,  and  many- 
other  liquids  are  found  in  the  distillate  together'with  glycol.^ 
Amongst  these,  methyl  alcohol,  ethyl  alcohol,  propyl  alcohol, 
and  an  hexylene  have  already  been  detected.^  When  propylene 
glycol  is  heated  with  zinc  chloride,  propionaldehyde  is  formed, 
and  this  is  also  produced  when  the  glycol  containing  a  trace 
of  hydrochloric  acid  is  heated  to  215° — 220°.^ 

Pi-Qpylene  glycol  contains  an  asymmetric  carbon  atom,  and 
Le  Bel  has  successfully  endeavoured  to  convert  it  into  an 
optically  active  substance,  making  use  for  this  piirpose  of  the 
action  of  bacterium  termo  on  a  three  per-cent.  solution  of  the  glycol 
to  which  the  necessary  bacterium-food  had  been  added.  After 
the  fermentation  had  proceeded  for  several  months,  propionic  and 
lactic  acids  were  found  in  the  liquid,  whilst  the  glycol,  which  had 
not  been  attacked,  exhibited  levro-rotatory  properties.^ 

541  Propylene  Oxide,  CgHgO.  This  body,  isomeric  with  pro- 
pionaldehyde and  with  acetone,  is  formed  by  the  action  of 
caustic  potash  on  propylene  chlorhydrate  :  ^ 

CH3  CH3 

I  I 

CH.OH    -h-    KOH    =    CH  +    KCl    +    Hp. 

I  I    >o 

CB[2C1  CHg 

It  is  a  mobile  liquid  having  an  ethereal  smell  and  a  pungent 
taste,  and  boiling  at  35°.  Its  specific  gravity  at  0°  is  0'859,  and 
that  of  its  vapour  2*054.  It  is  soluble  in  water,  but  insoluble 
in  saline  solutions.  When  heated  with  a  solution  of  magnesium 
chloride,  magnesia  separates  out^  and  when  sodium  amalgam  is 
added  to  its  aqueous  solution,  it  is  converted  into  isopropyl 
alcohol.*^  The  oxide  prepared  from  active  propylene  glycol  is 
dextro-rotatory,  and  is  the  most  volatile  of  all  optically- active 
compounds  which  have  as  yet  been  prepared. 

Propylene  Ghlorhydrin,  CH3.CH(0H)CH2C1,  is  formed  by 
saturating  propylene  glycol  with  hydrochloric  acid.  The  opera- 
tion must  at  last  be  conducted  in  the  water-bath,  and  the  pro- 
duct distilled.   The  distillate  is  saturated  with  sodium  carbonate, 

^  Belhoubek,  Bcr,  Deutsch.  Chem.  Gcs.  xii.  1872. 

2  Jembach,  Bull.  Soc.  Chim.  xxxiv.  146. 

3  Linnemann,  Liehig^s  Ann.  cxcii.  61. 
^  Campt.  Rend.  xcii.  532. 

^  Oser,  Ann.  Chcni,  Phann.  Suppl.  i.  253. 
^  Liniiemann,  ib.  cxl.  178. 
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and  tlie  oily  layer,  which  separates  out,  rectified.^  The 
same  compound  is  also  formed  by  the  union  of  propylene 
and  hypochlorous  acid.^  It  is  an  ethereal  smelling  liquid 
possessing  a  sweet  though  pungent  taste,  boiling  at  127°,  and 
having  at  0'  a  specific  gravity  of  1-1302.  On  oxidation  it  is 
converted  into  monochloracetone,^  and  hence  it  is  ohlorisopropyl 

alcohol. 

Propylene  Dichloridc,  C^H^Clg,  is  not  only  formed  by  the  du-ect 
union  of  propylene  and  chlorine,  but  is  obtained,  together  with 
other  substitution-products,  by  the  action  of  chlorine  on  propane  ^ 
and  isopropyl  chloride.  In  the  latter  case,  the  isomeric  dimethyl 
methylene  dichloride  is  also  formed  and  in  larger  quantity,  but  if 
a  small  quantity  of  iodine  be  present,  more  of  the  former  body  is 
produced,  and  when  isopropyl  chloride  is  heated  with  iodine 
monochloride  to  120^  no  dimethyl  methylene  dichloride  is  formed, 
the  whole  product  being  propylene  dichloride,  mixed  with  small 
amounts  of  other  bodies.^ 

Propylene  dichloride  is  an  oily  liquid,  smeUing  like  ethylene 
chloride,  boihng  at  96°*8,  and  having  a  specific  gravity  at  14°  of 
1*1656.^  On  heating  with  alcoholic  potash,  it  yields  two  isomeric 
monochlorpropylenes  which  will  be  afterwards  described. 

Propylene  Bromhydrin,  C3HgBr(0H),  is  formed  by  acting  with 
hydrobromic  acid  on  propylene  glycol.  It  is  a  liquid  boiling 
between  145°  and  148°. 

Proinjlene  Dihromide,  CgHgBrg,  is  a  liquid  similar  to  ethylene 
dibromide,  boiling  at  141°-6,  and  having  at  17°  a  specific  gravity 
of  1'9463.  It  is  not  only  obtained  from  propylene  and  bromine, 
but  also  when  primary  or  secondary  propyl  bromide  is  heated 
with  bromine.^  When  brought  in  contact  with  acetic  acid  and 
zinc,  propylene  is  rapidly  evolved,  whilst  the  dichloride  under 
the  same  conditions  is  not  attacked  (Linnemann) .  The  alcoholic 
solution  is  also  decomposed  by  zinc.^ 

Propylene  lodhydrin,  C3H0l(OH),  is  formed  by  the  combination 
of  propylene  oxide  and  hydriodic  acid.  It  is  a  liquid  which  can 
be  distilled  under  a  diminished  pressure,  but  is  very  easilv 
decomposed  (Markownikoff). 

^  Oser,  B^ai.  Soc.  Chim.  1860,  235. 

-  Markownikoff,  Ann.  Cham.  Pharni.  cliii.  251. 

3  Jb.  and  Comjjt.  Rend.  Ixxxi.  686,  728,  776. 

*  Schorl emmer,  Proc.  Roy.  Soc.  xvii.  372. 

^  Friedel  and  Silva,  BiUL  Soc.  Chim.  xvi.  3. 

^  Linnemann,  A7in.  Chcm.  Fharm.  clxi.  62. 

^  Linnemann,  ib.  cxxxvi.  51  ;  clxi.  41, 

^  Sabanejew,  Ber  Dcutsch.  Chem.  Qes.  ix.  1810. 
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Propylene  Di-iodide,  CgH^Ia,  is  formed  by  the  union  of  iodine 
with  propylene  in  the  sunlight.  It  is  an  oily  liquid  having  a 
specific  gravity  of  2*49,  and  is  easily  decomposed  on  exposure 
to  light,  or  on  heating,  with  liberation  of  iodine  (Berthelot  and 
de  Luca). 

Propylene  Nitrate,  C3Hg(N03)2,  is  a  heavy  colourless  oily 
liquid,  obtained  by  adding  propylene  oxide  to  cold  concentrated 
nitric  acid.^ 

542  Propylene  I)iammc,G^13.Q(NIi^^,  is  formed  when  propylene 
dibromide  is  heated  for  3  to  4  days  to  100°  with  alcoholic  am- 
monia. The  product  of  the  reaction  is  treated  with  caustic 
potash  and  then  warmed  with  water  until  the  alcohol  and  excess 
of  ammonia  have  been  volatilized.  On  distillation  the  hydrate, 
2  C3Hg(NH2)2+H20,  passes  over  as  an  oily  liquid  boiling  pretty 
constantly  at  120°.  but  in  the  state  of  vapour  this  body  under- 
goes dissociation  as  is  sho^vn  by  its  vapour  density.  In  order  to 
obtain  the  anhydrous  base,  the  hydrate  must  be  repeatedly 
rectified  over  sodium.  It  is  an  oily  liquid  boiling  at  119° — 120°, 
and  having  a  specific  gravity  at  15°  of  0'878.  Exposed  to  moist 
air  it  absorbs  water  with  such  avidity,  that  a  glass  rod  moistened 
with  the  substance  becomes  surrounded  by  a  thick  cloud,  and  the 
remaining  portion  solidifies  by  combining  with  the  atmospheric 
carbon  dioxide  to  form  a  crystalline  mass. 

The  hydrochloride,  C3H6(NH3C1)2,  is  also  readily  soluble  in 
water,  crystallizing  in  long  white  needles.  It  forms  a  platino- 
chloride,  tolerably  soluble  in  water,  crystallizing  in  four-sided 
tablets.^ 
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543  These  bodies,  which  have  also  been  termed  the  primary 
propylene  compounds,  contain  the  radical  trimethylene 
_CH2 — CHg — CH2 — ,  a  body  not  known  in  the  free  state. 
The  point  of  departure  for  these  compounds  is  trimethylene 
dibromide,  a  body  which,  together  with  propylene  dibromide,  was 
first  obtained  by  Geromont,  by  acting  with  hydrobromic  acid 
on  allyl  bromide,  the  following  reactions  taking  place  :  ^ 

1  Henry,  Ber.  Deutsch.  Chem.  Gcs.  iv.  602.  ^  Hofmann,  ih.  y\.  308._ 

3  Ann.  CJiem.  Pharm.  clviii.  369  ;  see  also  Keboul,  Comptes  Heiidus,  Ixxiv. 
613. 
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CH.,  CHEr 

CH  HBr         =         CH„ 

I  I 

CH^Br  CHjBr. 

II  "  I 

CH  4         HBr         =         CHBr 

I  I 

CH^Br  CH^Br. 

Under  certain  circumstances,  which  will  be  afterwards  detailed, 
only  the  first  reaction  takes  place,  so  that  the  preparation  of 
pure  trimethylene  compounds  does  not  offer  any  difficulty. 

Trimetluflene  Alcohol,  or  Primary  Propylene  Glycol,  G.^q(0'B)^. 
When  the  bromide  together  with  potassium  acetate  and  acetic 
acid  is  heated  to  100°,  trimethylene  diacctatc,  GgHj3(OC2H30)2,  is 
formed,  a  body  boiling  between  209'' and  210°,  and  this  yields  the 
glycol  on  saponification  with  caustic  baryta.^  It  is  a  very  thick 
sweet- tasting  liquid  boiling  at  216°,  having  at  19°  a  specific 
gravity  of  1 '053,  and  being  miscible  in  every  proportion  with 
water  and  alcohol. 

^CHgx 

Trimethylene  Oxide,  CH^^  .0,  is  formed  by  the  action  of 

solid  caustic  potash  on  the  chlorhydrin.  It  is  a  very  mobile 
liquid  boihng  at  50°,  possesses  a  pungent  taste,  and  is  soluble  in 
water. 

Trimethylene  Ohlorhydrvi,  C3HgCl(0H),  is  prepared  in  a 
similar  way  to  the  corresponding  ethylene  compound,  though  by 
this  process  some  quantity  of  trimethylene  chloride  is  formed 
at  the  same  time.  These  bodies  may,  however,  be  readily  sepa- 
rated, as  the  chlorhydrin  is  easily  soluble  in  water.  It  is  an  oily 
liquid  boiling  at  160°,  and  having  a  specific  gravity  at  17°  of 
1-132. 

Trimethylene  Chloride,  CgHgCI^,  is  best  prepared  by  heating 
the  bromide  together  with  mercuric  chloride  for  some  time  to 
160°.  It  is  a  pleasantly  smelling  liquid  boihng  at  117°,  and 
having  at  15°  a  specific  gravity  of  1*201.2 

Trimeth7jle?ie  Bromide,  C^n^Br.^,  k  best  obtained  by  passing  > 
hydrobromic  acid  gas  into  allyl  bromide  surrounded  by  a  freezing  ' 

^^  Reboul,  Compt.  Jiend.  Ixxix.  169. 

2  Reboul,  Ann.  Ckiiii.  Phys.  [5],  xiv.  460- 
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mixture  at  —19°  to  —1Q°,  When  the  liquid  is  saturated  it  is 
allowed  to  stand  at  a  temperature  of  35°  to  40°  in  the  dark,  and 
this  operation  repeated  until  no  further  absorption  of  hydro- 
bromic  acid  takes  place.^  It  is  a  liquid  boiling  at  163°  to  165°, 
and  having  a  specific  gravity  at  0°  of  2'0177.  It  differs  from  the 
ordinary  propylene  bromide  not  only  by  its  high  boiling  point, 
but  also  inasmuch  as  it  is  not  attacked,  in  alcoholic  solution,  by 
zinc  (Sabanejew).  When  heated  with  sodium  to  220°  E.eboul 
and  Bourgoin  found  that  ordinary  propylene  is  formed.^  On 
the  other  hand,  Freund  obtained  a  gas  which  combined 
with  difficulty  with  bromine,  with  formation  of  trimethylene 
bromide,  and  united  with  hydriodic  acid  to  form  primary 
propyl  iodide.^  Hence  this  gas  is  trimethylene,  which,  if  it 
contain  no  free  combining  units,  possesses  the  following 
constitution : — 

H  H 


H— 


II 


Methylene  Di-iodidCj  G^^^,  is  obtained  by  heating  the 
glycol  with  hydriodic  acid.  It  boils  at  about  227°,  with  partial 
decomposition,  but  may  be  distilled  at  low  pressures  without 
undergoing  change  (Freund). 
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544  The  starting-point  of  these  is  the  oxide,  a  body  already 
described  as  common  acetone,  or  dimethyl  ketone  (Part  I.  p.  5,68). 

Dimethyl'methylene  Chloride,  (0113)20013,  was  first  prepared  by 
Frledel,  who  termed  it  methyl  chloracetol,  by  acting  with 
phosphorus  pentachloride  on  acetone  ;  * 

CH3.CO.OH3  +  POI5  =  CH3.CGI2.CH3  +  POCI3. 

^  Erlenmeyer,  Ann.  Ckem.  Pharm.  cxcvii.  180. 

^  Bull.  Soc.  Chim.  xxviii.  54. 

*  Monatsh.  Cham.  iu:642.  *  Ann.  Chetn:  Fkarm.  cxii.  236. 
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In  order  to  prepare  this  body,  acetone  is  allowed  to  drop 
slowly  on  to  well-cooled  phosphorus  pentachloride,  and  the  di- 
chloride  separated  from  some  monochlorpropylene,  also  produced, 
by  fractional  distillation.^ 

The  same  compound  is  also  formed  together  with  propylene 
chloride  by  the  action  of  chlorine  on  isopropyl  chloride.^  It  is  a 
colourless  liquid  boiling  at  69°' 7,  and  having  a  specific  gravity  at 
16°  of  1-1827.^ 

Dimethyl-methylene  Bromide  (CH3)2CBr2,  also  termed  methyl 
hromacctol,  is  obtained  by  the  action  of  phosphorus  pentabromide  ^ 
or  phosphorus  chlorbromide  ^  on  acetone.  It  is  best  prepared 
from  propylene  bromide,  which,  when  heated  with  alcoholic 
potash  yields  a  mixture  of  a-brompropylene,  CHg.CH^CHBr, 
boiling  at  G0°,  and  ^-brompropylene,  CHg.CBr^Cflgj  boihng  at 
48°.  If  this  mixture  then  be  treated  with  highly  concentrated 
hydrobromic  acid  for  5  to  6  days^  the  chief  part  of  the  a-com- 
pound  remains  unchanged.  The  portion  of  the  product  boiling 
between  115°  and  135°  consists  mainly  of  methyl  bromacetol,  but 
also  contains  some  propylene  bromide  and  propidene  bromide, 
which  may  be  readily  removed  by  allowing  alcoholic  potash 
solution  to  drop  slowly  into  the  boiling  liqixid,  when  they  are 
converted  into  a-brompropylene  which  distils  off.^ 

Dimethyl-methyleB,e  bromide  is  a  liquid  boiling  at  114°  to 
114°'5,  and  having  a  specific  gravity  at  0°  of  1*8149.  It  is  only 
with  difficulty  attacked  by  alcoholic  potash,  but  easily  by  sodium 
ethylate,  when  /3-brompropylene  is  formed,  a  body  which  again 
combines  in  the  cold  with  liydrobromic  acid  to  form  methyl 
bromacetol.  If  the  latter  substance  or  the  chloride  be  heated 
with  sodium,  propylene  is  formed. 
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545  Propidene  Chloride,  CH3.CII2.CHCI2,  is  formed  by  the  action 
of  phosphorus  pentachloride  on  propionaldehyde.  It  is  a  liquid 
possessing  an  alliaceous  smell  and  boiling  at  85°  to  87°,  and 
having  at  10°  a  specific  gravity  of  1-143  (Reboul). 

^  Friedel  and  Ladenburg,  Ann.  Chem.  Pharm.  cxlii.  315. 

2  Friedel  and  Silva,  Gompt.  Ileyid.  Ixxiii.  1379. 

3  Linnemann,  Ann.  CJiem,  Pharm.  clxi.  67. 
*  Linnemann,  ib.  cxxxviii.  125. 

^  Friedel  and  Ladenburg,  Zeitsch.  Chcm..  1868,  48. 
^  Keboul,  Ann.  Cldm.  Pkys.  [."ij,  xiv.  453. 
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Fropide7ie  Bromide,  CHg.CHg.CHBr^.  a-Brompropylene  com- 
bines slowly  with  hydrobromic  acid,  with  formation  of  propylene 
bromide  and  propidene  bromide.  This  latter  is  a  liquid  boilino- 
at  about  130°.  ° 

The  chlorides  and  bromides  which  have  now  been  described 
clearly  show  the  influence  which  the  position  of  the  halogen  in 
the  molecule  exerts  on  the  boiling  point. 

Trimethylene  Chloride.  Propylene  Chloride. 

CH2C1.CH,.CH,C1.  CH3.CHC1.CH,C1. 

117^  96°-8. 

Propidene  Chloride.  Diemethyl  Methylene  Chloride. 

CH3.CH2CHCI2  CH3.CC1,.CH3 

86°.  69°7. 
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Lactic  Acid,  ok  a-OxYPEOPioNic  Acid, 

CH3.CH(OH)C02H. 

546  This  acid  was  discovered  by  Scheele  in  1780  in  sour  milk, 
and -was  termed  by  him  acidum  lactis  s.  galacticum.  At  first 
Scheele  believed  that  this  substance  most  closely  resembled 
acetic  acid,  but  afterwards,  having  discovered  malic  acid,  he  came 
to  the  conclusion  that  the  acid  from  sour  milk  more  nearly  re- 
sembled this  fruit  acid.  Up  to  the  year  1804  Scheele's  acid  was 
believed  to  be  a  distinct  compound,  but  in  that  year  Bouillon- 
Lagrange,  and  in  1806  FourQroy  and  Vauquelin,  put  forward 
the  notion  that  it  is  merely  acetic  acid  containing  some 
animal  matter.  This  view  was  held  by  many  chemists  and 
was  made  the  subject  of  many  varying  statements.  Berzelius 
especially,  who  in  1808  discovered  this  acid  in  the  juice  of 
flesh,  held  at  different  times  views  respecting  the  identity  of 
this  acid  which  were  antagonistic  to  one  another.  It  was  by 
the  analyses  of  Liebig  and  Mitscherlich  in  1832  that  the 
individuality  of  lactic  acid  was  first  established,  Pelouze  and 
Gay-Lussac  arriving  at  the  same  result  in  the  following  year. 
The  acid  found  by  Bracconnot  at  ^tTancy  to  be  contained  in  sour 
tan-liquor  and  in  the  acid  runnings  of  the  starch-makers  and 
similar  liquids,  and  to  which  he  gave  the  name  of  nanceic  acid, 
was  shown  by  A.  Vogel  in  1818  to  be  lactic  acid. 
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Liebig  then  proved,  in  1847,  that  the  lactic  acid  obtained  from 
flesh  differed  from  ordinary  lactic  acid,  and  from  this  time  up  to 
the  present,  lactic  acid  has  been  investigated  by  many  chemists. 
These  researches  have  tended  greatly  to  the  development  of 
theoretical  views,  as  well  as  to  the  enlargement  of  our  ideas  con- 
cerning the  theory  of  types,  and  that   of  the  linking  of  atoms. 
The  molecular  weight  of  lactic  acid  was  taken  to  be  double  of 
that  which  is  now  adopted,  until  Wurtz  showed  that  it  is  formed 
by  the  oxidation  of  propylene  glycol  in  contact  with   air  and 
platinum  black.  ^     That  the  acid  is  oxypropionic  acid  was  proved 
by  Kolbe,  who  first  ascertained  that  lactyl  chloride,  C^HfiCl^, 
obtained  by  Wurtz  by  the  action  of  phosphorus  pentachloride 
on  calcium  lactate,  is  identical  with  chlorpropionyl  chloride,^  and 
this  view  was  confirmed  by  Ulrich,  who  found  that  a-chlorpro- 
pionic  acid  when  heated  with   alkalis  passes  into   lactic  acid.^ 
The  same  holds  good  for  a-brompropionic  acid.^ 

Lactic  acid  was  first  obtainted  synthetically  by  Strecker 
who  acted  with  hydrocyanic  acid  on  aldehyde-ammonia, 
obtaining  a  compound  which  he  termed  alanin.  This  sub- 
stance is  amidopropionic  acid,  and  it  is  transformed,  in  aqueous 
solution,  into  lactic  acid  by  means  of  nitrogen  trioxide.^  A 
more  ready  method  of  obtaining  the  body  by  synthesis  is  to 
allow  a  mixture  of  aldehyde,  hydrocyanic  acid,  and  hydrochloric 
acid,  to  stand  as  long  as  sal-ammoniac  separates  out.*^  In  this 
case,  the  two  first  of  these  imite  together  to  form  ox3rpro- 
pionitril,  a  body  which  will  be  described  further  on,  and  this 
is  converted  by  the  hydrochloric  acid  into  lactic  acid  : 

CH3.CH(0H).CN  +  2H,0  i-  HCl  =  CH..CH(OH).CO,H  + 

NH.Cl. 

As  lactic  acid  is  produced  from  aldehyde  or  ethidene  oxide, 
it  has  been  termed  ethidene  lactic  acid,  to  distinguish  it  from 
its  isomerides.  It  is  easily  formed  by  a  peculiar  fermentation 
which  the  various  sugars  undergo,  and  hence  it  has  been  termed 
fermentation  lactic  acid.  It  also  occurs  in  opium,  and  to  this 
the  name  of  thebolactic  acid  was  given,  as  it  was  formerly 
believed  to  be  a  distinct  compound,  but  it  is,  in  fact,  identical 

-.no  ^^'^^^^^^  Rendus,  xlv.   306  ;  xlvi.  12  8  ;  Ann.  Chem.  Pliarm    cv.   202  •  cvii 

*  J?nedel  and  Machuca,  %b.  cxx.  285. 

5  Strecker,  ib,  Ixxv.  27  and  42.  6  Wislicenus,  ib.  cxxviii.  22. 
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with  a-oxypropionic  acid.^  This  is  also  the  case  with  the  lactic 
acid  produced  in  certain  diseases,  as  in  dyspepsia,  where  it  occurs 
in  the  gastric  juice,^  for  healthy  gastric  juice  does  not,  as  was 
formerly  supposed,  contain  this  acid.^  It  is  also  found  in  sauerkraut 
(Liebig)  and  in  the  juice  of  many  other  vegetables  which  have 
turned  sour. 

547  Preparation  hy  Fermentation,  In  order  to  prepare  it,  the 
method  described  for  obtaining  butyric  acid  from  sugar  is  used 
(Fart  I.  p.  591),  the  fermentation  being  stopped  when  the  mass  has 
become  soHd  from  the  formation  of  calcium  lactate.  This  salt  is 
then  decomposed  by  sulphuric  acid,  and  the  filtrate  treated  with 
zinc  carbonate,  when  zinc  lactate  is  formed.^  A  simpler  plan  is  to 
form  this  salt  at  once  by  adding  two  kilos,  of  zinc-white  instead 
of  chalk.  After  two  or  three  weeks  a  magma  of  zinc  lactate 
is  formed,  which  is  purified  by  recrystallization.  It  is  then 
dissolved  in  boiling  water  and  precipitated  by  sulphuretted 
hydrogen.^  The  filtrate  is  concentrated  on  a  water-bath,  until 
mannite,  deposited  together  with  the  zinc  salt,  separates  out, 
forming  a  pasty  mass.  This  is  then  dissolved  in  the  smallest 
possible  quantity  of  water,  and  the  lactic  acid  removed  by 
shaking  up  with  ether. 

According  to  Pasteur,  the  lactic  acid  ferment  consists  of  ovoid- 
cells  {Penicillium  glaucum)  usually  floating  on  the  surface  of 
the  fermenting  liquid  in  the  form  of  a  thin  scum.  This  ferment 
sets  up  the  lactic  fermentation  in  solution  of  the  various  kinds 
of  sugar,  especially  of  the  glucoses,  when  kept  neutral.  Access 
of  air  is  necessary  as  well  as  nitrogenous  food,  such  as  hay 
infusion,  &c.  The  pure  ferment  forms  lactic  acid  only,  without 
by-products,  and  it  even  converts  alcohol  in  presence  of  infusion 
into  lactic  acid.^  Lactic  acid  is  also  formed  together  with  other 
products  when  grape-sugar,  cane-sugar,  or  milk-sugar  is  heated 
with  caustic  soda.^ 

548  When  a  solution  of  lactic  acid  is  evaporated  on  a  water- 
bath,  a  syrupy,  inodorous,  strongly  acid  Kquid  remains  behind. 
This  is,  however,  not  the  pure  acid,  but  always  contains  water ; 
and  on  continued  evaporation  lactic  anhydride  is  formed.     This 

^  Buchanan,  Ber.  Deutsch.  Ckem.   Ges.  iii.  182. 

2  Heintz,  Jahresb.  1849,  525. 

8  Maly,  Ann.  Chem.  Pharm.  clxxiii.  244  ;  Kabuteau,  Conipt.  Rend,  Ixxx.  61. 

*  Benach,  Ann.  Chem.  Pharm.  clxi.  175. 
'  Lautemann,  ib.  cxiii.  142. 

*  Boutroux,  Compt,  Pcnd.  Ixxxvi,  605. 

^  Hoppe-Seyler,  Ber.  Deutsch.  Chem.  Ges.  iv.  346. 
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formation  of  lactic  anhydride  also  occurs  when  the  solution  is 
allowed  to  evaporate  at  the  ordinary  temperature  in  air  which 
is  kept  dry,  and  when  all  the  water  is  evaporated  a  for- 
mation of  lactide  takes  place.^  The  following  table  gives  the 
composition  of  some  of  the  preparations  thus  obtained. 

No.  1.  A  thin  syrup  purified,  as  above,  with  ether,  and  the 
residue  evaporated  in  aqueous  solution. 

No.  2.  A  syrup  obtained  after  the  same  acid  has  dried  for 
four  months  over  sulphuric  acid. 

No.  3.  The  same  after  thirteen  months ;  a  thick  syrup  insoluble 
in  water. 

No.  4.  The  same  after  sixteen  months ;  a  treacly  syrup. 

No.  5.  After  eighteen  months  ;  a  thick  gummy  mass. 


1. 

2. 

3. 

4. 

5. 

Water,  HgO     .     . 

15-64 

4-07 

— 

Lactic  Acid,  Cfifi^ 

58-80 

22-43 







Lactic  Anhydride,  1 

25-56 

73-50 

97-85 

71-41 

60-77 

Lactide,  CgHgO^  . 

— 

— 

2-06 

28-69 

39-50 

100-00 

100-00 

99-91 

100-10 

100-27 

Pure  anhydrous  lactic  acid  has,  therefore,  not  yet  been 
obtained. 

When  a  galvanic  current  is  passed  through  a  concentrated 
solution  of  potassium  lactate,  the  lactic  acid  decomposes  into 
carbon  dioxide  and  aldehyde.^  When  the  acid  is  heated  with 
dilute  sulphuric  acid  to  130°  it  is  decomposed  into  aldehyde  and 
formic  acid.^  Aqueous  chromic  acid  solution  acts  in  a  similar 
way,  but  the  products  which  are  formed  undergo  partial  oxida- 
tion into  acetic  acid,  carbon  dioxide,  and  water.^  Nitric  acid 
oxidizes  it  to  water,  carbon  dioxide,  and  oxalic  acid.^  Lactic 
acid  is  used  in  medicine. 

The  Lactates. 

549  The  lactates  of  the  alkali  metals  are  almost  all  uncrystal- 
lizable  and  very  deliquescent.  They  are  soluble  in  alcohol,  and 
are  precipitated  from  an  alcoholic  solution  by  ether.     They  form 

1  Wislicenus,  Ann.  Chem.  Pharm.  clxiv.  181.  2.  ^^i^     ^^^  ^^^^   ^^^ 

»  Erlenmeyer,  Zeitsch.  Chem.  1868,  343. 

*  Dossios,  Jahresh,  1866,  384 ;  Chapman  and  Smith,  Journ.  Chem.  Soc.  [2],  v. 

I/O* 

**  Gay-Lussac  and  Pelouze,  Ann.  Chem,  Pharm.  vii.  40  ;  Debus,  ib.  cxxvi.  133. 
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double  salts  with  the  lactates  of  various  other  metals,  some  of 
which  crystallize  well. 

Sodium  Lactate^  CgH^OgNa.  If  the  nearly  anhydrous  salt 
be  allowed  to  remain  for  some  months  in  a  vacuum  it  is  con- 
verted into  a  solid  mass  consisting  of  long,  extremely  fine,  hair- 
like crystals.  When  heated  to  130° — 150°  it  melts,  and  dissolves 
sodium  with  evolution  of  hydrogen  when  the  so-called  hasic 
sodium  lactate,  CH3.CH(ONa).C02N'a,  is  formed.  The  mass  then 
becomes  syrupy,  so  that  the  conversion  of  the  normal  salt  into 
the  basic  one  is  not  perfect.  Water  decomposes  this  latter  com- 
pound, in  a  similar  way  to  sodium  ethylate,  into  the  normal  salt 
and  caustic  soda  (Wislicenus). 

Calcium  Lactate,  (C3H503)2Ca  +  SHgO,  forms  white  opaque, 
warty,  or  granular  masses,  consisting  of  microscopic  rhombic 
needles.  They  dissolve  in  9'5  parts  of  cold  water,  and  are  much 
more  readily  soluble  in  hot  water.  If  the  solution  be  allowed  to 
evaporate,  the  salt  separates  out  in  light  cauUflower-like  masses, 
which  cover  the  sides  of  the  vessel.  On  heating,  it  readily  loses 
its  water  of  crystallization,  and  at  250° — 275°,  parts  with  one 
molecule  of  water,  calcium  dilactate,  (CH3CH)20(C02)2Ca,  being 
produced.  This  forms  a  tumified  mass.  Absolute  alcohol  dis- 
solves out  of  this  some  unaltered  calcium  lactate,  the  new  com- 
pound remaining  behind  as  a  difficultly  soluble  residue.  The 
corresponding  free  acid  is  not  known.  The  normal  salt  coipabines 
with  lactic  acid  to  form  the  so-called  acid  calcium  lactate, 
crystallizing  in  fibrous  masses  resembhng  wavellite. 

Zinc  Lactate,  (C3H503)2Zn  +  SHgO,  is  the  most  characteristic 
salt  of  this  acid.  It  separates  from  hot  saturated  solutions  in 
crusts  consisting  of  monoclinic  prisms,  which  dissolve  in  about 
60  parts  of  cold,  and  in  6  parts  of  boiling  water ;  it  is  almost 
insoluble  in  absolute  alcohol.     It  is  used  in  medicine. 

Ferrous  Lactate,  (0311503)2^6  -f-  3H2O,  crystallizes  in  light 
yellow  needles,  which  dissolve  in  48  parts  of  water  at  10°,  and  in 
12  parts  of  boiling  water.  It  is  employed  in  medicine  as  a  mild 
preparation  of  iron,  and  is  prepared  either  by  dissolving  iron  fi,lings 
in  hot  lactic  acid,  or  by  decomposition  of  calcium  lactate  with 
ferrous  sulphate.  It  is  also  produced  when  milk  sugar  is  allowed; 
to  ferment  in  presence  of  iron  filings.^ 

In  addition  to  these  lactates,  many  others  are  known. 
These  have  been  chiefly  investigated  by  Engelhardt  and  MadreU,^ 

^  "Wbhler,  Ann.  Chem.  Pharm.  xlviii.  149. 
3  lb,  Ixiii.  88. 
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and  by  Briining.^  Of  these,  stannous  lactate,  (0311403)28112, 
may  be  mentioned.  It  is  obtained  as  a  crystalline  precipitate 
by  adding  sodium  lactate  to  stannous  chloride.  The  existence 
of  this  singular  compound  was  formerly  regarded  as  proof  that 
lactic  acid  is  a  dibasic  acid.  Its  constitution  is  probably  repre- 
sented by  the  following  graphical  formula : 

CH..CH.O.  .O.CH.CH3 


^Sn  — Sn/ 


i 


00.0^^  "^o.co 


THE   ETHEREAL  SALTS  OF  LACTIC  ACID. 

550  Mhyl  Lactate,  0311503(02115),  was  first  prepared  by 
Strecker  by  distilling  a  mixture  of  calcium  lactate  with  calcium 
ethyl  sulphate.^  It  is  best  prepared  by  passing  the  vapour  of 
absolute  alcohol  into  lactic  acid  heated  to  170° — 180°.^  It  is  a 
peculiarly  smelling  liquid,  boiling  at  154°-5,  and  having  at  0°  a 
specific  gravity  of  1-0546.*  It  is  miscible  with  water,  but  then 
decomposes  quickly  into  ethyl  alcohol  and  lactic  acid. 

Methyl  Lactate,  0311503(0113),  boils  at  IW'S,  and  has  at  0° 
a  specific  gravity  of  1"0898  (Schreiner). 

Ethyl  Lactic  Acid,  0H30H(O02H5)0O2H,  In  order  to  prepare 
this  compound,  which  is  also  known  as  Mhoxypropionic  Acid, 
the  ethyl  ether  is  employed,  and  this  is  obtained  by  acting  with 
sodium  ethylate  on  the  ethyl  ether  of  a-chlorpropionic  acid.^ 
By  boiling  this  with  caustic  potash  the  potassium  salt  is  obtained, 
and  in  order  to  remove  the  free  caustic  potash  it  is  neutralized 
with  dilute  sulphuric  acid  and  evaporated  down.  Potassium  ethyl 
lactate  is  extracted  from  the  residue  by  alcohol,  the  solution 
evaporated,  and  the  salt  distilled  with  dilute  sulphuric  acid. 

Sodium  ethyl  lactate  is  also  formed,  together  with  methylene 
iodide  and  other  products,  when  iodoform  is  heated  with  sodium 
ethylate  in  alcoholic  solution.  The  acid  thus  obtained  was 
described  by  Butlerow  as  valerolactic  acid.^  The  explanation 
of  its  formation  in  this  complicated  reaction  is  still  wanting. 

It  is  a  thick  liquid  having  a  strongly  acid  reaction,  and  is 

^  Ann.  CJiem.  PharmciY.  192.  2  /§_  ^^^^^  355^ 

3  "Wislicenus,  ih.  cxxv.  58. 

*  Schreiner,  Ann.  Chem.  Pharm.  cxcvii.  12, 

»  Wurtz,  Ann.  Chim.  Phys.  [3],  lix.  171. 

'  Ann.  Chem.  Pharm.  cxiv.  204  ;  cxviii.  325. 
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easily  soluble  in  water,  alcohol,  and  ether,  and  boils  with  slight 
decomposition  at  195° — 198°. 

Its  most  characteristic  is  silver  ethyl  lactate,  03H^(OC2H5)CO2Ag. 
which  crystallizes  from  hot  water  in  silky  needles,  and  is  also 
tolerably  soluble  in  cold  water. 

Ethyl  Etholadate,  CH3.CH(OC2H5)C02C2H5,  is  not  only  pro- 
duced in  the  above  reaction,  but  is  formed  when  ethyl  lactate 
is  treated  with  potassium  and  then  with  ethyl  iodide.^  It  is 
a  mobile,  pleasantly  smelling  liquid,  boiling  at  155°,  and  having 
at  0°  a  specific  gravity  of  0*9498  (Schreiner). 

Nitroxylactic  Acidj  CH3CH(N03)C02H.  This  nitrate,  which  is 
usually  called  nitrolactic  acid^  is  obtained  by  dissolving  lactic 
acid  in  a  mixture  of  concentrated  nitric  and  sulphuric  acids  and 
subsequent  precipitation  with  water,  when  it  is  thrown  down  as 
a  thick  oil,  easily  soluble  in  ether,  which  decomposes  with 
formation  of  oxalic  acid,  hydrocyanic  acid,  and  water,^ 

CH3.CH(]Sr03)CO.OH  =  CO(OH).C0.OH4-  CHN  +  H,0. 

Its  ethyl  ether  is  formed  in  a  similar  way  to  the  acid.  It  is  a 
mobile  liquid  possessing  a  sweet  and  pungent  taste,  and  smelling 
like  ethyl  nitrate.  It  boils  at  178°,  and  at  13°  has  a  specific 
gravity  of  1'1534. 

Acetolactic  Acid,  CH3.CH(OC2H30)C02H.  The  ethyl  ether 
of  this  acid  is  formed  by  the  action  of  acetyl  chloride  on  ethyl 
acetate,  and  is  a  pleasantly  smelling  liquid,  boiling  at  177°,  and 
having  a  specific  gravity  of  1*0458  at  17°.  When  heated  with 
twice  its  volume  of  water  for  2  to  3  hours  to  150°  the  free  acid 
is  formed.  This  is  a  thick  acid  syrup,  and  is  easily  decomposed 
by  alkalis  into  an  acetate  and  a  lactate.^ 

Lactyl  Ethyl  Lactate,  CH3CH(OC3H502)C02(C2H5),  is  formed 
when  ethyl  chlorpropionate  is  heated  to  100°  with  a  solution  of 
potassium  lactate.  It  is  an  oily  liquid,  boiling  at  235°,  and 
having  at  0°  a  specific  gravity  of  1*134.^ 

551  Lactolactic  Acid,  CR,.CB{OB.)GO^.GK{CIi^)GO^'H.,  This 
compound,  which  is  usually  called  lactic  anhydride,  was  fii"st 
obtained  by  Pelouze  by  heating  lactic  acid  to  130° — 140°.^  It 
is  also  formed,  as  has  bee^  stated,  when  a  solution  of  lactic  acid 
is  allowed  to  evaporate  at  the  ordinary  temperature  (p.  135),  or 

^  Friedel  and  Wurtz,  Ann.  Chim.  Phys,  [3],  Ixiii.  117. 

2  Henry,  Ber.  Deutsch.  Chem.  Ges,  iii.  532  ;  xii,  1837. 

3  Wislicenus,  Ann.  Ghem.  PJiarm.  cxxv.  60. 

*  "Wurtz  and  Friedel,  Compt.  Mend.  Hi.  1067. 
^  Arm.  Chem,  Pharm.  Ixiii.  11^ 
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when  potassium  lactate  is  heated  to  100° — 120°  with  a-hrom- 
propionic  acid :  ^ 

CH,  KO.CO  CH„ 

I  I  I 

CHBr    +  CH.OH     =     CH.O.CO  +     KBr. 

I  I  II 

CO.OH  CH,  CO.OH  CH.OH 

CH3. 

It  is  a  light  yellow  amorphous  mass,  easily  soluble  in  alcohol 
and  ether,  but  scarcely  soluble  in  water.  It  is  a  monobasic  acid, 
forming  salts  which  are  easily  converted  by  assumption  of  water 
into  a  lactate  and  lactic  acid.  Alkalis  at  once  convert  the 
ajihydride  into  a  lactate.  When  its  ethereal  solution  is  treated 
with  ammonia,  ammonium  lactate  separates  out  and  lactamide 
remains  in  solution.^ 

O.CO 

Zadide,  CH3.CH<^  pCH.CHg,  is  formed  when  the  fore- 

going  compound  is  disitUed,  or  when  dry  air  is  passed  over 
lactic  acid  heated  to  150°.^  It  is  scarcely  soluble  in  water, 
and  crystallizes  in  monoclinic  tables,  which  melt  at  124°'5.  At 
255°  it  boils,  and  yields  a  vapour  having  a  specific  gravity  of 
4'81.^  When  left  in  contact  Vt^ith  water  for  some  time  it  is  con- 
verted into  lactic  acid,  and  this  conversion  takes  place  quickly  in 
presence  of  alkalis. 

552  a-Ofilorpropionic  Acid,  CHg.CHCl.COaH,  is  formed  by 
the  action  of  chlorine  on  propionic  acid  or  its  anhydride.  It  is, 
however,  best  obtained  from  lactic  acid ;  by  the  action  of  phos- 
phorus pentachloride  on  the  calcium  salt,  Wurtz  obtained 
a-chlorpropionyl  chloride,  CH3.CHCI.COCI,  which  he  termed 
lactyl  chloride.^  This  can  be  best  obtained  by  heating  well-dried 
lactic  acid  with  phosphorus  pentachloride  in  the  quantity  given 
in  the  following  equation  : 

C3H,03  +  2PCI5  =  CsH.GCl^  +  2POCI3  +  2HC1. 

the  product  being  heated  until  no  more  hydrochloric  acid  is 
evolved.  ® 

^  Briiggen,  Zeitsch.  Chem.  1869,  338. 

^  Wislicenus,  Aim.  Chem.  Plmrm.  cxxxiii.  257. 

'  Wislicenus,  ib.  clxvii.  318. 

*  Henry,  Ber.  Deutsch.  Chem.  Ges.  vii.  753. 

*  Wurtz,  Gomptes  Rendus,  xlvi.  1228  ;  Ann.  Chem.  Pharm.  cvii.  192. 
«  BriiJil,  Ber.  Deutsch,  Chem.  Ges.  ix.  35. 
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It  is  a  pungent,  fuming  liquid,  whicli  has  not  yet  been  obtained 
in  the  pure  state.  It  boils  above  140°  with  partial  decomposi- 
tion, and  this  takes  place  also  when  the  substance  is  allowed  to 
stand.  Water  causes  rapid  decomposition  with  formation  of 
chlorpropionic  acid,  a  pungent-smelling,  caustic  liquid,  boiling 
at  186°,  and  having  a  specific  gravity  at  0°  of  1*28.  It  is 
miscible  with  water,  and  forms  a  silver  salt  crystallizing  in 
quadratic  prisms,  much  more  soluble  than  silver  proprionate. 
When  the  acid  is  treated  with  zinc  and  hydrochloric  acid  it  is 
reduced  to  propionic  acid. 

a-Ethyl  Chlorpropio7iate,  CH3.CHCLC02(C2H5),  is  easily 
obtained  by  the  action  of  the  chloride  on  absolute  alcohol.  It 
is  an  aromatic  smelling  liquid,  boiling  at  146°,  and  having  at  0° 
a  specific  gravity  of  1"079. 

a-BrompropioniG  Acid,  CHgCHBr.COgH,  is  formed  by  heating 
equal  molecules  of  bromine  and  propionic  acid  to  130°,^  and 
also  by  heating  lactic  acid  with  concentrated  hydrobromic  acid 
to  100°.^  It  is  a  liquid  boiling  at  205°"5,  and  solidifying  at  — 17° 
to  a  striated  mass.  When  boiled  with  twenty-five  times  its 
weight  of  water  for  thirty  hours  it  is  converted  into  lactic  acid.^ 

a-Ethyl  BrorrvpropionaU,  G3H^BrC02(C2H5),  is  formed  by  the 
action  of  phosphorus  pentabromide  on  ethyl  lactate,  and  is  a 
liquid  boiling  with  partial  decomposition  at  159° — 160°. 

a-Iodpropionic  Acid,  CHg.CHLCOgH,  was  obtained  by  Wichel- 
haus  by  acting  with  phosphorus  diiodide  on  syrupy  lactic  acid. 
It  is  an  oily  liquid,  slightly  soluble  in  water,  which  has  not  been 
more  closely  investigated.* 


SULPHUR  COMPOUNDS  OF  LACTYL. 

553  Thioladic  Acid,  CH3.CH(SH).C02H.  The  potassium  salt 
of  thiolactic  acid  is  obtained  by  boiling  one  part  of  ethyl  chlor- 
propionate  with  two  parts  of  potassium  hydrosulphide  for  two 
days.^  The  solution  is  neutralized  with  hydrochloric  acid  and 
precipitated  with  lead  acetate  with  addition  of  ammonia.  The 
washed  lead  salt  is  then  decomposed  by  sulphuretted  hydrogen, 
and  the  acid  extracted  from  the  filtrate  by  ether  and  converted 

^  Triedel  and  Machuca,  Ann.  Chem.  Pharm^  cxs.  286. 

^  Kekule,  ih.  cxxx.  16.  ^  Fittig  and  Thomson,  ih.  cc.  79. 

*  Ih.  cxliv.  352,  ^  Schacht,  ib.  cxxix.  1. 
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a  second  time  into  the  lead  salt  for  further  purification.  The 
■acid  crystallizes  from  water  in  hard  distinct  needles  which  melt 
at  1427 

TIdo-dilactic  Acid,  S(CH)2(CH3)2(C02H)2,  is  formed  together 
with  the  preceding  compound  as  an  oily  liquid  soluble  in 
water. 


AMIDO-COMPOUNDS  OF   LACTYL. 

554  a- Amidopropionic  Acid,  CH3CH(NH2).C02H,  was  first 
prepared  by  Strecker  by  heating  a  mixture  of  aldehyde-ammonia, 
formic  acid,  and  hydrocyanic  acid  together,  and  termed  by  him 
Alanin}  In  this  case  the  corresponding  nitril,  a  body  to  be 
hereafter  described,  is  first  formed.  Alanin  is  also  formed  when 
a-ethyl  chlorpropionate  is  heated  with  ammonia,^  or  when  brom- 
propionic  acid  is  treated  in  the  same  way  with  alcoholic  ammonia.* 
It  crystallizes  in  needles  or  monoclinic  prisms  which  possess  a 
sweet  taste,  and  dissolve  in  4"6  parts  of  water  at  17°.  They  are 
very  difficultly  soluble  in  strong  alcohol.  Alanin,  when  carefully 
heated,  may  be  sublimed,  but  if  quickly  heated  it  decomposes 
chiefly  into  carbon  dioxide  and  ethylamine.  As  it  has  a  per- 
fectly neutral  reaction,  it  must  be  regarded  like  glycocoU  as  a 
saline  compound.  In  its  chemical  relations  it  resembles  amido- 
acetic  acid,  and  its  metallic  salts,  as  well  as  its  compounds  with 
acid,   resemble  those  of  glycocoll. 

Lactarnide,  CH3.CH(OH).CO.NH2,  is  formed  by  the  action  of 
anmionia  on  ethyl  lactate,^  lactide,^  or  lactic  anhydride.^  It 
forms  radiated  crystals,  which  are  soluble  in  water  and  alcohol, 
but  difficultly  soluble  in  ether.  These  melt  at  74°,  and,  when 
more  strongly  heated,  volatilize  without  decomposition. 

Zactimide,  C3H5ON,  is  formed  when  alanin  is  heated  to  180° — 
200°  in  a  stream  of  hydrochloric  acid  : 

CH3  CH, 

I  I 

CH.NH2  =    CH  +     H,0. 

I  I     >NH  ' 

CO.OH  CO^ 

^  Bottinger,  Ann.  Chem.  PhaTtn.  cxcvi.  103  ^  /^_  Ixxv.  29. 

^  Kolbe,  ib.  cxiii.  220.  ^  Kekule,  ib.  cxxx.  18. 

*  Briining,  ib.  civ.  197. 

**  "Wurtz  and  Friedel,  Ann.  Chim.  Phys.  [3],  Ixiii.  108. 

^  Wlslicenus,  Ann.  OJiem.  Pharm,  cxxxiii.  259. 
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It  is  soluble  in  water,  crystallizes  in  needles  or  tablets  "whicli 
melt  at  275°,  and  sublimes  when  strongly  heated.  It  acts  as  an 
indifferent  body  towards  both  acids  and  bases.^ 

Many  other  compounds  belonging  to  this  group  are  known, 
which  closely  resemble  the  corresponding  compounds  in  the 
glycolyl  series. 


CARBAMIDE  AND  GUANIDINE  COMPOUNDS 
OF  LACTYL. 

NH.CH.CH3 

555  Lactyl  Urea,  CO^  I  ,  is  formed  when  a  mixture 

^NH.CO 
of  equal  molecules  of  aldehyde-ammonia,  potassium  cyanide,  and 
potassium  cyanate  are  evaporated  with  hydrochloric  acid.  From 
the  product  of  this  reaction  the  above  compound  can  be  separated 
by  a  mixture  of  alcohol  and  ether.  It  forms  warty  concretions 
or  transparent  crystals,  which  contain  one  molecule  of  water, 
which  they  readily  lose.  The  anhydrous  compound  melts 
at  145°.2 

NH— CH.CH2 
Laduramic  Acid,  C0<^  |  ,  is   formed   when   the 

^NH^    CO.OH 
preceding  compound  is  warmed  with  baryta  water,  as  well  as 
when  potassium  cyanate  is  aUow^ed  to  act  on  an  aqueous  solution 
of  alanine  sulphate. 

Lacturamic  acid  crystallizes  from  dilute  alcohol  in  indistinct 
forms.  It  is  difficultly  soluble  in  water,  melts  at  155°  with 
decomposition,  and  forms  salts,  some  of  Avhich  are  amorphous, 
whilst  others  crystallize  well.^ 

Alacreatine  or  Guanidopropionie  Acid,  C^HgNgOg.  This 
compound,  isomeric  with  creatine,  is  formed  when  a  concen- 
trated solution  of  alanin  and  cyanamide  is  treated  with  some 
ammonia  and  the  whole  mixture  allowed  to  stand.  It  is  more 
easily  soluble  in  water  than  creatine,  and  crystallizes  in  colour- 
less prisms.  The  isomerism  of  the  two  compounds  is  explained 
by  the  following  formulae  : 

^  Preu,  Ann.  Chem.  Pharm.  cxxxiv.  372. 
''  Urech,  Ber.  Deutsch.  Chein.  Gcs.  vi.  1113. 
"  Urech,  Ann.  Chem,  Pharm.  clxv.  99. 
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Alacreatine.  Creatine. 

CH3.CH— NH.C  =  NH  CH2.N(CH3)0   NziH 

CO— 0— NH3.  CO  —  0  —  JSlHg. 

Alacreatinine  or  Ladyl- Guanidine,  C^H^NgO  +  HgO,  is 
formed  when  the  foregoing  compound  is  heated  to  170°— 180°. 
It  crystaUizes  from  water  in  long  needles  which  easily  lose  their 
water  of  crystallization.  From  alcohol  it  crystallizes  in  small 
anhydrous  rhombohedrons.  Like  creatinine  it  is  a  strong  base 
and  forms  corresponding  compounds.^ 


LACTYL  NITRILS. 

556  Lactyl  Nitril  ox  a-Oxypropionitril,  CH3.0H(OH).CN,  is 
formed  when  equal  volumes  of  aldehyde  and  anhydrous  hydro- 
cyanic acid  are  allowed  to  stand  for  some  days  at  20° — 30°.  It  is 
a  liquid  having  a  sharp  bitter  taste,  and  in  smell  resembling  its 
constituents,  into  which  it  is  partially  decomposed  on  heating. 
The  chief  portion,  however,  distils  over  at  182° — 184°.  Caustic 
potash  decomposes  it  with  formation  of  potassium  cyanide  and 
aldehyde-resin  and  hydrochloric  acid  acts  violently  upon  it  with 
formation  of  lactic  acid.^ 

Amicloproiiionitrily  CH3.CH(NH2)CK,  is  obtained  when  an 
aqueous  solution  of  equal  molecules  of  hydrocyanic  acid  and 
aldehyde  ammonia  is  acidified  with  sulphuric  acid  and  the 
mixture  allowed  to  stand  : 

CHq  CHo 

I  I 

CH.NH2    +     HON    =     CH.NH2    +     H2O. 

OH  CN 

It  is  an  oily  liquid,  possessing  basic  properties,  but  it  is 
extremely  unstable,  yielding  the  following  compound  on  standing, 
with  liberation  of  ammonia. 

a-Imidopropionitrily  NH[CH(CH3)CN]2,  forms  white  ueedlea, 
and  separates  out,  on  the  slow  evaporation  of  its  ethereal  solution, 
in  monocHnic  crystals  which  melt  at  68°.     It  is  a  weak  base,  and 

^  BauTnann,  Ann.  Chem.  Pharm.  clxvii.  77. 

2  Simpson  and  Gautier,  JBulL  h'oc.  Ghim.  [2],  viii.  277. 
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when  boiled  with  dilute  hydrochloric  acid  or  baryta  water,  yields 
Tmidopropionic  acid,  or  Diladamidic  acid^'NUlGHiGIl^CO^S]^, 
which  forms  a  deliquescent  amorphous  mass.  This  acid  is 
monobasic,  and  probably  has  the  following  constitution  : 

CH3  CH3 

I  I 

'  CH.NH,— CH 

111 
CO.O        CO.OH. 

Nitrous  acid  converts  imidopropionitril  into  niiroso-a-imido- 
projpionitril,  N(NO)[CH(CH3)CN]2,  a  yellow  oil,  heavier  than 
water,  which  decomposes  on  heating,  with  formation  of  brown 
vapours,  a  smell  of  aldehyde  and  hydrocyanic  acid  being  at  the 
same  time  observed.^ 

Hydroeyanaldine,  N[C(CH3)CN]3.  This  body  was  first  ob- 
tained by  Strecker  by  allowing  a  mixture  of  aldehyde-ammonia, 
hydrocyanic  acid  and  hydrochloric  acid,  to  stand.^  It  is  doubt- 
less a  product  of  decomposition  of  amidopropionitril,  which, 
under  these  circumstances,  is  first  formed.  If  the  above  mixture 
be  allowed  to  stand  for  four  to  fiYQ  weeks,  crystals  are  deposited 
which  may  be  separated  from  the  amido-  and  imido-propionitrils, 
which  are  formed  at  the  same  time.  It  is  difficultly  soluble  in 
water  and  somewhat  more  readily  soluble  in  alcohol  and  ether. 
In  presence  of  imidopropionitril  it  dissolves  in  the  latter  more 
readily,  and  separates  on  slow  evaporation  in  large  monoclinic 
prisms  which  melt  at  115°,  and  can  be  sublimed  by  careful 
heating  without  decomposition  (Erlenmeyer  and  Passavant). 

If  the  above  mixture  be  allowed  to  stand  for  a  few  months,  or 
if  it  be  heated  on  the  water-bath,  parahydrocyanaldine  is  formed. 
This  gubstance  is  difficultly  soluble  in  water  and  alcohol,  and  is 
insoluble  in  ether.  It  separates  from  a  solution  in  acetone  in 
rhombic  crystals,  which  melt  at  230° — 232°.  It  has  the  same 
composition  as  hydrocyanaldine,  with  which  it  is  no  doubt  poly- 
meric, the  cyanogen  being  converted  into  dicyanogen  and 
tricyanogen  (Erlenmeyer  and  Passavant). 

'  ^  Erlenmeyer  and  Passavant,  Ann.  Chem,  Pharm.  cc.  120. 
2  Ih.  xci.  349. 
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SUBSTITUTION  PRODUCTS  OF  LACTIC  ACID. 

557  These  bodies  have  not  been  obtained  directly  from  lactic 
acid,  but  may  be  prepared  by  other  reactions. 

Monochlorladic  Acid,  CH2CLGH(OH).C02H.  The  nitril  of 
this  body  is  obtained  by  the  union  of  monochloraldehyde  with 
hydrocyanic  acid,  and  is  easily  decomposed  by  hydrochloric  acid. 
Chlorlactic  acid  is  very  easily  soluble  in  water,  alcohol,  and  ether, 
and  crystallizes  in  fine  flat  oblique  prisms  which  melt  at  71°. 
It  forms  crystallizable  salts. 

Mhyl  Chlorladate,  C3H4C103(C2H5),  is  a  colourless  crystalhne 
saponaceous  mass.      It  melts  at  37°,  and  boils  at  205°.^ 

mchlorlactic  Acid,  CKGl^.GRiOB.). GO ^K,  is  obtained  by  the 
union  of  dichloraldehyde  with  hydrocyanic  acid  and  decomposi- 
tion of  the  resulting  nitril.  It  forms  deliquescent  prisms  which 
melt  at  76°-5— 77°.' 

Trichlorlactic  Acid,  CCl3.CH(OH).C02H.  The  nitril  of  this 
body  is  formed  by  the  union  of  hydrocyanic  acid  with  chloral. 
It  is  easily  soluble  in  water  and  crystallizes  in  tablets  which 
melt  at  Gl°,  and  boil  at  215° — 220°,  with  partial  decomposition. 
When  heated  with  concentrated  hydrochloric  acid,  trichlorlactic 
acid  is  formed,  and  this  may  be  separated  by  ether  from  the  sal- 
ammoniac  formed  at  the  same  time.  On  evaporating  the  solu- 
tion, the  acid  remains  behind  as  a  syrup,  which  solidifies  in  a 
vacuum  to  a  crystalline  mass  consisting  of  thin  prisms  which 
melt  at  105° — 110°  Weak  bases  easily  decompose  it  into 
chloral  and  formic  acid,  whilst  alkalis  naturally  yield  chloroform. 
Hence,  in  preparing  its  salts,  all  heating  must  be  avoided.^ 

Mhyl  TricUodactate,  CCl3.CH(OH).C02(C2H5),  is  formed 
when  hydrochloric  acid  is  passed  into  an  alcoholic  solution  of 
trichlorlactic  acid.  It  crystallizes  in  tablets  melting  at  66° — 67°, 
boils  at  233° — 237°,  and  is  insoluble  in  water.  On  the  other 
hand,  it  is  easily  soluble  in  cold  dilute  aqueous  alkalis,  and  is 
precipitated  from  these  solutions  on  the  addition  of  acids,  or 
even  by  carbon  dioxide.  Hence  it  behaves  as  a  weak  acid  in 
accordance  with  its  constitution.*     The  alkaline  salts  decompose 

^  Frank,  Ann.  Ch-em.  Pharm.  ccvi.  338. 

"  Grimaux  and  Adam,  Ber.  Deutsch.  Chem.  Ges.  x.  903  ;  xiii.  1864. 

5  Pinner  and  Bischoff,  Ann.  Chem.  Pharm,  clxxix.  79. 

^  Claisen  and  Antweiler,  Ber.  Deutsch.  Gliem.  Gcs.  xiii.  1940. 
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gradually  in  the  cold,  and  quickly  on  heating  with  formation  of 
chloroform,  &c. 

558  Chloralide,  C^HgClgOg.  This  peculiar  compound  was  first 
prepared  by  Stadeler  by  heating  chloral  hydrate  with  concen- 
trated sulphuric  acid,  and  he  likewise  correctly  determined  its 
composition.^  It,  however,  remained  unexplained  how  a  molecule 
of  a  body  containing  two  atoms  of  carbon  can  be  converted,  by 
such  an  apparently  simple  reaction,  into  another  molecule  contain- 
ing five  atoms,  and  hence  the  formula  which  Stadeler  gave  was 
doubted.  KekuM,^  however,  showed  that  no  mistake  had  been 
made,  and  Wallach  ^  solved  the  enigma  by  showing  that  on  heat- 
ing chloralide  with  absolute  alcohol  to  140° — -150°,  chloral 
alcoholate  and  ethyl  trichlorlactate  are  formed.  According 
to  this,  chloralide  must  be  looked  upon  as  the  trichlorlactic 
ether  of  trichlorethidene,  and  Wallach  succeeded  in  preparing 
this  compound  by  heating  chloral  with  trichlorlactic  acid 
to  150°: 

/OH  /  0  ^ 

CClsCHr  4  COH.CCI3  =  CCl3CH(        ;CH.CCl3 -h  H2O. 

Its  formation  from  chloral  doubtless  takes  place  in  several 
phases,  as  it  is  very  probable  that  the  lactide  of  trichlorlactic 
acid  is  formed  by  separation  of  chloroform,  and  this  again  com- 
bines with  chloral.  In  order  to  prepare  chloralide,  chloral 
hydrate  is  mixed  with  three  times  its  volume  of  a  mixture 
of  sulphuric  acid  and  disulphuric  acid,  having  a  specific 
gravity  of  1'84«  to  1'85,  and  the  whole  heated  until  the  chloral 
begins  to  distil  off.  The  source  of  heat  is  then  removed 
and  the  flask  well  shaken  until  the  reaction  ceases.  The 
operation  is  repeated  until  oily  drops  begin  to  condense  in  the 
neck  of  the  flask,  and  then  it  is  allowed  to  cool  and  frequently 
shaken.  The  chloralide  which  separates  out  is  washed  with 
warm  water  and  crystallized  from  ether.  It  forms  large  pliable 
monoclinic  prisms,  melting  at  114° — 115",  and  boiling  at  270° — 
273°.  Its  vapour  has  a  peculiar  smell  and  a  specific  gravity  of 
11'3.*  Other  oxyacids  form,  like  trichlorlactic  acid,  compounds 
analogous  to  chloralide,  termed  by  Wallach  chloralides,  of  which 
the  following  may  be  mentioned  : 

1  Ann.  Chem.  Pharm.  Ixi.  101.  ^  lb.  cv.  293. 

'  lb.  cxciii.  I.  ■*  Ber.  Deutsch.  Chem.  Ges.  viii.  1433. 


148  PARALACTYL  COMPOUNDS. 


M.  P. 


0H,0^ 


GlycoUie  chloralide,    |  ;CH.C1,     .     .     41—42° 

Lactic  chloralide,  CH3CH(  ;CH.CCl3  45° 

Bromal  also  forms  a  a  series  of  hromalides  (Wallach). 
In  addition  to  the  chlorlactic  acids,  the  following  substitution 
products  are  known  : 

M.  P. 
1  Monobromlactic  acid,  CgH^BrOg     .     .      89—90° 
^  Dibromlactic  acid,  Q^firfi^  .     .     .  98° 

^Tribromlactic  acid,  CgH.BrgOg  .     .       141—143° 
^Moniodlactic  acid,  C3HJO3  ....      84—85° 


PARALACTYL   COMPOUNDS. 

559  Paralactic  Acid,  GK^.GE.{0'B). GO ^.  It  has  already  been 
stated  that  Liebig  was  the  first  to  show  that  the  acid  contained 
in  the  juice  of  flesh  is  not  identical  with  common  lactic  acid, 
and  hence  it  was  termed  sarcolactic  acid.  The  same  acid  occurs 
in  the  bile,^  as  well  as  in  the  urine  in  cases  of  phosphorus 
poisoning.^  Engelhardt  ^  and  Heintz  ^  investigated  this  subject 
more  accurately,  and  the  latter,  who  determined  the  composition 
of  the  acid  with  great  care,  gave  to  it  the  name  oi  paralactic  acid. 

For  the  purpose  of  preparing  this  acid,  extract  of  meat  is 
used.  This  ia  dissolved  in  four  parts  of  warm  water,  and  to  the 
solution  double  its  volume  of  90  per  cent,  alcohol  added.  The 
filtrate  is  evaporated  to  a  thin  syrup,  and  again  treated  with 
three  to  four  times  its  volume  of  alcohol,  again  filtered  and  the 
filtrate  acidified  with  dilute  sulphuric  acid,  and  paralactic  acid 
extracted  from  the  solution  by  shaking  with  ether.  The  residual 
crude  acid  remaining  on  evaporating  off  the  ether  is  neutralized 
with  lead  carbonate,  and  the  filtrate  treated  with  sulphuretted 

^  Melikow,  Ber.  Deutsch.  Chem.  Ges.  xiii,  958. 

2  Linnemann  and  Penl,  ih.  viii.  1101. 

3  Pinner,  t&.  vii.  1501 ;  WaUach,  loc.  cit.  4  Glinsky,  ih.  vi.  1257. 
^  Strecker,  Ann.  Chem.  Pharm.  cxxiii.  354. 

^  Schultzen,  Zeitsch,   Chem,  1867,  138. 

''  Ann.  Chem.  Pharm.  Ixv.  359.  ^  Pogg.  Ann.  Ixxv.  391. 
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hydrogen.  The  liquid  separated  from  lead  sulphide  is  then 
heated  to  boiling,  and  treated  with  zinc  carbonate,  and  the  solu- 
tion evaporated  until  the  zinc  salt  begins  to  crystallize  out,  when 
it  is  precipitated  by  alcohol.  The  salt  is  then  purified  by 
repeated  solution  in  water  and  precipitation  with  alcohol,  after 
which  it  is  decomposed  by  sulphuretted  hydrogen.^ 

Paralactic  acid  can  only  be  distinguished  from  ordinary 
(fermentation)  lactic  acid  by  the  fact  that  it  turns  the  plane 
of  polarization  to  the  right,  whilst  the  ordinary  acid  is  inactive.''^ 

In  a  dry  atmosphere  it  passes  into  the  anhydride,  which  is 
levro-gyratory,  and  when  heated  to  150°,  it  yields  common 
lactide,  which  combines  with  water  to  form  the  inactive  fermen- 
tation lactic  acid.^  Like  this  latter  substance,  paralactic  acid 
decomposes  on  heating  with  dilute  sulphuric  acid  into  aldehyde 
and  formic  acid,  whilst  chromic  acid  oxidizes  it  to  acetic  acid 
and  carbon  dioxide.  Both  acids  have  therefore  the  same 
constitution,  and  hence  they  are  physical  isomerides. 

The  salts  of  paralactic  acid  are  levro-rotatory,  and  more  easily 
soluble  in  water  than  those  of  the  fermentation-lactic  acid. 

Calcium  Paraladate,  2(C3H503)2Ca  +  OHgO,  resembles  common 
calcium  lactate,  dissolves  in  12*4  parts  of  cold  water,  and  in  all 
proportions  in  boiling  water. 

Zinc  Paraladate,  (C3H503)2Zn  +  2H2O,  crystallizes  in  needles 
which  melt  at  14° — 15°  in  175  parts  of  water,  and  are  only  very 
slightly  soluble  in  spirit  of  wine. 

Ethyl  Faraladate,  0311503(02115),  corresponds  closely  to  ethyl 
lactate,  but  is  strongly  levro-rotatory.^ 

Amidoparaladamide,  OH3.0H(NH2)OONH2,  occurs  in  small 
quantity  in  urine.  It  crystallizes  from  hot  water  in  small 
prisms.  It  forms  deliquescent  salts  with  acids,  and  when  heated 
with  baryta  water  to  150°  it  decomposes  into  carbon  dioxide, 
ammonia,  and  ethylamine.  Nitrous  acid  converts  it  into 
paralactic  acid.^ 

■*  "Wislicenus,  Ann.  Chem.  Pharm.  clxvii.  302. 

'  "VVislicenus,  Ber.  Deutsch.Ghem.  Ges.  ii.  550  and  619. 

a  Strecker,  Ann.  Chem.  Pharm.  cv.  313  ;^  "VVislicenus,  ih.  clxvi.  316. 

*  Klimenko,  Journ.  Russ.  Chem.  Ges,  xii.  17. 

'  Baumstark,  Ann.  Chem.  Pharm.  clxxiii.  342. 
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HYDRACRYL  COMPOUNDS. 

560  HydracTylic  Acid,  or  ^- Oxy^ropionic  Acid,  CHaCOH). 
CH^.COoH.  According  to  theory  two  oxypropionic  acids  sliould 
exist : 

a- Oxypropionic  Acid.  j8- Oxypropionic  Acid. 

CH3  CH2.OH 


CH.OH  CH 


CO^H.  CO2H. 

Four  different  compounds  are,  however,  known.  Of  these 
the  two  which  have  already  been  described  are  physical  isome- 
rides.  They  exhibit  different  optical  properties,  but  chemically 
they  are  identical,  and  they  are  distinguished  as  the  a-com- 
pounds.  The  two  other  acids  which,  from  their  mode  of 
formation,  are  termed  the  ^-compounds,  exhibit  totally  different 
chemical  relations. 

In  1863,  Wishcenus  prepared  one  of  these  acids  synthetically 
by  heating  ethylene  chlorhydrin  with  potassium  cyanide,  and 
boiling  the  nitril  thus  obtained  with  caustic  soda.  He  termed 
this  ethylene-lactic  acid,  and  first  thought  that  it  was  identical 
with  sarcolactic  acid.  He  afterwards  found  that  this  latter  is  a 
mixture  of  optically  active  lactic  acid,  with  a  small  quantity 
of  ethylene-lactic  acid.-*- 

The  fourth  isomeric  acid  was  first  prepared  by  Beilstein  by  the 
action  of  silver  oxide  and  water  upon  ^-iodpropionic  acid.  It  was 
termed  by  him  hydracrylic  acid,  since  it  decomposes  on  heating 
into  water  and  acrylic  acid.^  Its  true  formula  was  ascertained 
by  Moldenhauer,^  and  it  was  investigated  more  accurately  by 
Heintz^  as  well  as  by  Wislicenus.^  According  to  this  latter 
chemist,  it  is  distinguished  from  ethylene-lactic  acid  not  only  by 
the  different  properties  of  its  salts,  but  also  by  its  reaction  with 
hydriodic  acid,  as  on  heating  it  is  easily  converted  back  into 
/3-iodpropionic  acid,  whilst  this  is  not  the  case  with  ethylene 
lactic  acid.^ 

Linnemann  found  that  when  acrylic  acid  is  heated  with  caustic 
soda,  hydracrylic  acid  is  formed,  together  with  an  almost  equal 

^  Ber.  Deutsch.  Chem.  Ges.  ii.  550. 

^  Ann.  Chcm.  Pharm.  cxxii.  366.  ^  Ih,  cxxxi.  328. 

*  lb.  clvii.  291.  5  ji^  (jixvi.  q,  e  U,  clxvii.  346. 
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quantity  of  ethylene- lactic  acid.^  Wislicenus  observed  that  in 
the  preparation  of  ethylene-lactic  acid  from  its  nitril,  some 
hydracrylic  acid  is  always  formed,  whilst  in  the  preparation  of 
hydracrylic  acid  from  ^-iodpropionic  acid,  a  small  quantity  of 
ethylene-lactic  acid  is  also  produced,  but,  singularly  enough, 
common  lactic  acid  also  occurs.^ 

The  latest  investigations  on  this  subject  are  those  of  Erlenmeyer. 
He  did  not  find  any  ethylene-lactic  acid  in  sarcolactic  acid. 
From  its  nitril,  which  he  was  the  first  to  prepare  in  the  pure 
state,  he  only  obtained  hydracrylic  acid,  together  with  some 
acrylic  acid,  but  no  ethylene-lactic  acid.  Moreover  he  could  not 
obtain  this  latter  body  according  to  the  process  described  by 
Linnemann,  and  hence  his  belief  in  the  existence  of  ethylene 
lactic  acid  has  been  somewhat  shaken.^  Hence  it  appears  probable 
that  this  is  only  an  impure  hydracrylic  acid,  or  a  mixture  of  this 
body  with  common  lactic  acid.  Further  investigation  is,  how- 
ever, here  needed. 

561  In  order  to  prepare  hydracrylic  acid,  freshly  precipitated 
silver  oxide  is  added  to  a  hot  solution  of  yS  -iodpropionic  acid  as 
long  as  silver  oxide  is  precipitated,  the  filtrate  treated  with 
sulphuretted  hydrogen-water,  and  the  filtrate  evapomted  with 
zinc  carbonate.  On  slow  evaporation,  zinc  hydracrylate  separates 
out,  and  this  is  purified  by  recrystallization  and  then  decomposed 
by  sulphuretted  hydrogen.  Hydracrylic  acid  is  also  formed 
when  /3-iodpropionic  acid  is  boiled  in  connection  with  a  reversed 
condenser  with  twenty-five  times  its  weight  of  water  for  sixteen 
hours.* 

Hydracrylic  acid,  like  the  other  lactic  acids,  consists  in  the 
concentrated  state  of  a  thick  acid  syrup,  and  it  decomposes  on 
heating  into  water  and  acrylic  acid. 

Sodium  Hydracrylate,  CgHgOgNa,  separates  out  from  its  solu- 
tion in  nearly  absolute  alcohol  in  colourless  crystals,  which  melt 
at  143°. 

Calcium  Hydracrylate,  (C3H,^03)2Ca  -I-  2H2O,  is  easily  soluble 
in  water,  and  crystallizes  in  rhombic  prisms. 

Zinc  Hydracrylate,  (C3Hj^03)2Zn  -h  4H2O,  is  deposited  in  well- 
formed  triclinic  crystals,  which  dissolve  at  16°'5  in  089  parts  of 
water.  If  concentrated  solutions  of  this  salt  and  calcium  hydra- 
crylate  be    mixed,  they  deposit    a   characteristic    double    salt, 

1  Ber,  Deutsch.  Chem.  Gcs.\iil  1095.  ^  Ih.  1206 

3  Ann.  Chem.  Fharm.  cxci.  261. 
*  Kttig  and  Thomson,  ih,  cc.  SI. 
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(C3H503)2Ca  +  (C3Hg03)2Zn,  which  crystallizes  in  prisms,  and  is 
very  slightly  soluble  in  water. 

The  hydracrylates  lose  water  on  heating,  and  are  trans- 
formed into  the  salts  of  acrylic  acid,  C3H^02,  or  diacrylic  acid, 
CgHgO^. 

562  ^-Chlorpropionic  Acid,  CHgCl.CHg.COgH,  is  formed  by 
heating  acrylic  acid  with  fuming  hydrochloric  acid  to  130^  as 
well  as  by  boiling  iodpropionic  acid  with  chlorine  water,^  and 
by  oxidizing  trimethylene  chlorhydrrn.^  It  is  crystalline,  easily 
soluble  in  water,  and  melts  at  78°  to  79°. 

^-BroiniJTopionic  Acid,  CH2Br.CH2.CO2H,  is  obtained  in  an 
analogous  way  to  the  foregoing  compound.  It  is  deposited  in 
crystals  which  melt  at  89^^  to  90°.* 

p- Iodpropionic  Acid,  CH2I.CH2.CO2H.  In  order  to  prepare 
this,  100  grams  of  phosphorus  diiodide  are  gradually  added  to 
52  cc.  of  aqueous  glyceric  acid,  having  a  specific  gravity  of  1'26.^ 
After  a  short  time  a  violent  reaction  takes  place,  which  is  usually 
followed  by  another  and  less  violent  one.  If  this  is  not  the  case 
the  reaction  must  be  brought  about  by  heat.  The  crystalline 
mass  obtained  on  coohng  is  then  boiled  with  petroleum  spirit  or 
sulphide  of  carbon.^  Its  formation  is  represented  by  the 
following  equation : 

CH,(0H).CH{0H).C02H  +  SHI  =  CHJ.CHa.COJ-I  +  SHgO  +  I^. 

No  free  iodine  is,  however,  formed,  as  this  acts  upon  the  phos- 
phorus acid  which  is  produced  in  presence  of  water  to  form 
phosphoric  acid  and  hydriodic  acid. 

The  acid  is  also  formed  by  heating  acrylic  acid  with  hydriodic 
acid.^ 

^-Iodpropionic  acid  is  difficultly  soluble  in  cold,  but  easily 
soluble  in  hot  water,  and  readily  soluble  in  alcohol  and  ether. 
It  crystallizes  in  glistening  laminae  which  melt  at  100° — 101°. 

^-Nitropropionic  Acid,  CH2(]SI02).CH2.C02H.  In  order  to 
prepare  this  substance,  silver  nitrite  is  gradually  added  to  a  well- 
cooled  aqueous  solution  of  iodpropionic  acid,  the  mixture  then 
acidified  with  hydrochloric  acid  and  well  shaken  with  ether,  and 
the  residue  obtained  on  evaporation  crystallized  from  hot  chloro- 
form.    Nitropropionic  acid  forms  pearly  glistening  scales,  melting 

1  Linnemann,  Ann.  Chcm.  Pharm.  clxiii.  95. 

2  Richter,  Zeitsch.  Chem.  1868,  451. 

»  Kaysser,  Jnauguraldiss.  Milnchen,  1875.  *  Linnemanu  ;  Eichter. 

^  Beilstein,  Ann,  Chem,  Pharm.  csx.  226  ;  cxxii.  366. 

«  Erlenraeyer,  ib.  cxci.  284.  7  WisHcenns,  ib.  cLxvi.  2. 
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at  66'^ — 67°,  and  easily  soluble  in  water.  The  salts  are  very 
vmstable.^ 

0-Mhyi  Nitropropionate,  CH2(N02).GH2.CO/C2H5),  is  ob- 
tained by  the  action  of  silver  nitrite  on  the  ethyl  ether  of  iodpro- 
pionic  acid.  It  is  a  mobile  ethereal- smelling  liquid,  boiling  at 
161°_165°. 

^'Amidopropionic  Acid,  CH2(NH2).CH2.C02H,  is  formed  by 
the  action  of  ammonia  on  iodpropionic  acid.^  It  is  easily 
soluble  in  water,  less  soluble  in  alcohol,  crystallizes  in  prisms, 
and  has  a  sweet  taste.  On  heating  it  melts  and  decomposes 
into  acrylic  acid  and  ammonia. 

^-Lactonitril,  CH2(OH).CH2.CN,  is  obtained  by  heating 
ethylene  oxide  with  hydrocyanic  acid  under  pressure.  It  is  a 
colourless  liquid  having  a  faint  sweet  smell,  and  at  0°  has  a 
specific  gravity  of  1'0588.  It  boils  at  about  220°,  and  is  miscible 
with  water. 


PYRUVYL   COMPOUNDS. 

563  PyroracemiCj  or  Pyriimc  Acid,  CH3.CO.CO2H.     This  com- 
pound, which  stands  in  the  same  relation  to  lactic  acid  as  acetone 
does  to  isopropyl  alcohol,  is  produced  along  with  many  other  pro- 
ducts in  the  diy  distillation  of  tartaric  acid,  C^HgO^,  and  of  cream 
of  tartar  (acid  potassium  tartrate).     Raymond  Lully  described 
the  distillation  of  the  latter  compound,  but  the  acid  product  was 
not  examined  until  the  16th  century,  when  it  was  described  as 
spiritus  tartaric     Paracelsus,  in  his  tr2boi' De  If aturalibus  Behus, 
recommends  it  as  a  medicine.     Various  chemists  then  examined 
the  substance,  amongst  others  Guyton  de    Morveau,  who   dis- 
tinguishing it  as  a  peculiar  acid  gave  to  it  the  name  of  acid 
tartare^bx  empyreumatigiie,  which  name  was  afterwards  changed  to 
the  antiphlogistic  designation  of  acide  pyrotartareux,     Four^roy 
and  Vauquelin  in  1800  stated  that  this  acid  was  merely  impure 
acetic   acid.     This   conclusion   was,   however,   contradicted    by 
V.  Eose  in  1807,  who  showed  that  the  product  of  distillation 
contained  a  peculiar  acid.    At  the  same  time  he  remarked  that  a 
second  distinct  acid  seems  to  be  formed  under  the  same  cii'cum- 
stances.     This  latter  was  prepared  and  investigated  by  Berzelius. 

1  Lewkowitach,  Journ,  PraTcL  Chcm.  [2],  xx.  169.. 

2  Heintz,  Ann,  Ckem,  Pharm,  clvi.  36  ;  Mulder,  Ber.  Deutsch.  Chenu  Ges.  is.. 
1903. 
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As,  however,  this  is  formed  not  only  in  the  distillation  of  tar- 
taric acid,  but  also  in  that  of  its  isomeride  racemic  acid,  he 
termed  it  pyruvic  acid,  to  distinguish  it  from  pyrotartaric  acid.^ 
It  is  also  formed  by  the  distillation  of  glyceric  acid.^ 

CH2(OH).CH(OH).C02H  =  CHg.CO.CO.H  +  H^O. 

Pyruvic  acid  has  been  prepared  synthetically  by  acting  with 
hydrochloric  acid  on  acetyl  cyanide,  CH3CO.CN,  and  by  this 
reaction,  its  constitution,  which  was  formerly  doubtful,  has  been 
ascertained.^ 

For  its  preparation  a  considerable  quantity  of  tartaric  acid  is 
heated  in  a  large  iron  jDan  and  the  mass  constantly  stirred  until 
it  begins  to  swell  up  and  turn  brown.  It  is  then  allowed  quickly 
to  cool  and  the  solid  mass  broken  up  iAto  small  pieces  which  are 
subjected  to  dry  distillation  in  a  retort.^  The  pyroracemic  acid 
is  separated  from  the  pyrotartaric  and  acetic  acids  also  contained 
in  the  distillate,  by  fractional  distillation.  This  process  must, 
however,  not  be  repeated  too  often,  as  the  acid  undergoes  pai'tial 
decomposition. 

Pyruvic  acid  is  a  liquid  having  a  pungent  smell  resembling  that 
of  both  acetic  acid  and  of  extract  of  meat.  It  boils  at  about 
165°  and  at  18°  has  a  specific  gravity  of  1-288.  On  standing,  it 
gradually  passes  into  a  syrup-like  mass,  and  this  change  takes 
place  quickly  on  heating.  The  acid  is  also  separated  in  this 
form  from  its  salts  by  means  of  acid.  This  form  is  not  volatile  and 
is  probably  a  polymeric  modification.  Pyroracemic  acid  combines 
with  nascent  hydrogen  to  form  lactic  acid,^  and  with  bromine  in 
the  cold  to  form  dibromlactic  acid.^  On  warming,  however,  it 
forms  substitution-products.^  Baryta-water  produces  in  its 
aqueous  solutions  a  precipitate,  and  when  carbon  dioxide  is 
passed  through  this  liquid,  the  barium  salt  of  the  dibasic  and 
hydruvic  acid,  CqK^qO^,  is  formed  in  solution.  This  is  formed 
by  the  union  of  two  molecules  of  pyroracemic  acid  with  water. 
On  boiling  with  baryta-water  on  the  other  hand,  other  acids  are 
formed  which  will  be  described  later  on. 

^  Fogg.  Ann.  xxxvi.  1. 

2  Moldenhauer,  Ann.  Chcm.  Pharvi.  cxxxi.  338. 

3  Claisenand  Shadwell,  Bcr.  Deutsch.  Chem.  Ges.  xl  1563. 
^  Bottinger,  A7in.  CJicm.  Fkarm.  clxxii.  240. 

^  "Wislicenus,  ib.  cxxvi.  227  ;  Debus,  ib.  cxxvii.  332. 

«  Wichelhaus,  Bcr,  Deutsch.  Clum.  Ges.  i.  264  ;  Wialicenus,  Awi.  Chem.  Pharm. 
cxlviii.  218  ;  Clermont,  Bull,  Soc.  Chim.  xix.  103  ;  Bodewig,  Jahresb.  1879,  609  ; 
Gnmaux,  Bull.  Soc.  Chim,  xxi.    393 ;  Klimenko,   Journ.  Buss,  Chem,  Ges.  Tiii. 

7  Bottinger  and  Fittig,  Ber.  Deutsch.  Chem.  Ges,  v.  956. 
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The  salts  which  are  termed  pyruvates  or  pyroraccviates,  crystal- 
Hze  only  when  they  are  prepared  in  the  cold.  When  their 
solutions  are  heated  they  pass  into  gum-like  masses.  These  have 
been  chiefly  investigated  by  Berzelius,  and  the  following  are  the 
most  characteristic.  Sodium  Pyruvate,  CgHgOgNa,  crystallizes 
in  elastic  prisms  or  tables,  and  is  almost  insoluble  in  alcohol. 
Calcium  Pyruvate^  separates  out  in  crystals  on  evaporating  its 
solution  in  the  cold.  If  warmed  even  by  the  hand  a  gum-like 
mass  is  produced. 

Copper  Pyruvate,  i^^fi.^^M  -h  HgO.  Copper  carbonate 
dissolves  in  the  aqueous  acid  forming  a  green  liquid,  and  when 
the  solution  becomes  saturated,  the  salt  separates  out  as  a  sea- 
green  powder.  If  a  crystal  of  copper  sulphate  be  brought  into 
a  solution  of  the  sodium  salt,  it  becomes  covered  with  a  white 
powder,  which  when  dried  over  sulphuric  acid  becomes  light-blue 
and  has  the  same  composition  as  the  green  salt. 

Silver  Pyruvate,  CgHgOsAg,  is  difficultly  soluble  in  cold  water, 
but  can  be  crystallized  however  from  boiling  solution.  If  the 
solution  be  allowed  to  cool  in  the  dark,  large  glistening  milk- 
white  scales  are  deposited  which  soon  become  brown  on  exposure 
to  Hght.  If  ammonium  pyruvate  solution  be  precipitated  with 
silver  nitrate,  the  silver  salt  separates  out  as  a  thick  jelly ; 
300  grams  of  the  salt  dissolved  in  ten  liters  of  water  yield  in 
this  way  such  a  stiff  paste  that  a  glass  rod  stands  upright  in  it.^ 
Iron  Pyncvate.  If  a  crystal  of  green  vitriol  be  brought 
into  a  solution  of  the  sodium  salt  the  liquid  becomes  at  once 
dark  red,  and  if  the  air  be  excluded,  the  ferrous  salt  sepa- 
rates out  after  some  time  in  dark  red  crystals  which  dissolve 
with  difficulty  in  water,  yielding  a  yellow  solution.  If  iron  be 
dissolved  in  the  warm  dilute  acid  the  solution  soon  becomes  of  a 
dark  red  colour  and  at  last  opaque.  This  liquid  dries  on 
evaporation  to  an  almost  black  mass  which  is  soluble  in  water. 

The  ferric  salt  obtained  by  dissolving  ferric  hydroxide  in  the 
acid  is  also  a  red  soluble  mass.  Alkalis  do  not  precipitate  its 
solution. 

Methyl  Pyruvate,  C.^'Kfi.^(G'K^),  is  formed  by  the  action  of 
methyl  iodide  on  the  silver  salt.  It  is  a  liquid,  smelling  like 
acetone,  boiling  at  134° — 137°,  and  having  at  0°a  specific  gravity 
of  1-154<  (Oppenheim).  The  ethyl  ether  is  formed  by  the  action 
of  sulphuric  acid  on  an  alcoholic  solution  of  the  acid.     It  is 

^  OppenliL'im,  Ba\  Deut.-ieK  Cham.  Ges.  v.  1051. 
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a  liquid  possessing  a  peculiar  smell,   partially  decomposes  on 
distillation,  and  is  wholly  decomposed  by  water.^ 

As  a  ketonic  acid  pyroracemic  acid  combines  with  the  acid 
sulphites  of  the  alkali-metals  forming  crystaUizable  compounds.^ 
Of  these  the  sodium  compounds  may  be  mentioned. 

CgH^Og-fNaHSOg  is  formed  when  pyroracemic  acid  and  acid 
sodium  sulphite  are  brought  together.  The  solution  decomposes 
on  boiling  with  evolution  of  sulphur  dioxide. 

CaHgONa  +  NaHSOg  +  HgO  is  formed  when  the  normal  sul- 
phite is  used.     On  heating  it  intumesces  to  a  sponge-like  mass. 

a-Didilorpropionic  Acid,  CHg.CCl^.CO^H.  The  chloride  of 
this  acid  is  formed  by  the  action  of  phosphorus  pentachloride,^ 
or  trichloride/  on  pyroracemic  acid.  It  is  a  pungent  smelling 
liquid  which  boils  between  105° — 115°,  and  is  quickly  decom- 
posed by  water  with  formation  of  dichlorpropionic  acid.  This 
latter  substance  is  best  obtained  from  its  nitril,  which  is  formed 
by  chlorinating  propionitril.  This  boils  from  103° — 107°,  and  is 
a  liquid  which  when  boiled  with  sulphuric  acid  diluted  with  an 
equal  volume  of  water  is  converted  into  the  acid.  This  is  a  liquid 
which  is  soluble  in  water  and  which  boils  at  185° — 190°.  and 
forms  crystals  at  0°,  Heated  with  water  to  120° — 150°  it  is 
converted  into  pyroracemic  acid.^ 

a-Dihrompropionic  Acid,  CH3CBr2C02H,  is  formed  by  heating 
propionic  acid  with  bromine  to  190° — 220°.  It  crystallizes  in 
quadratic  tables  melting  at  71°,  and  boils  with  slight  decompo- 
sition at  221°.     Its  salts  are  tolerably  stable.^ 
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564  Malo7iic  Acid,  CH2(C02H)2,  was  first  obtained  by  Des- 
saignesby  oxidizing  malic  acid,  Cd2H.CH(0H).CH2.C02H,  with 
potassium  dichromate.^  Baeyer  then  obtained  it  from  uric  acid,^ 
and  it  was  synthetically  prepared  simultaneously  by  Kolbe  and 

^  Bottinger,  Ber.  Deutsch.  Chem.  Ges.  xiv.  316. 

2  Journ,  Frakt.  Chem.  [2],  xvii.  241. 

3  Klimenko,  Ber.  Deutsch.  Chem,  Ges.  iii.  465. 
*  Eeckurts  and  Otto,  ib,  xi.  386. 

5  Beckurtsand  Otto,  ib.  ix.  1876;  x.  263,   1503,  1952-  xi   386 
ib\u^^tn^  Machuca,  Ann.  Chem.  Pharm.  Suppl.  ii.  72;  Phillipi  andTolens, 

7  Comptes  Rendits,  xlvii.  76;  Ann,  Chem.  Fharm.  cvii   251 
^  2b.  cxxx.  143. 
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H.  Miiller.-'-  They  obtained  it  by  heating  its  nitril,  cyanacetic 
acid  (a  body  whicli  will  be  described  further  on),  with  potash. 
This  method  of  preparation  was  elaborated  by  various  chemists.^ 
According  to  Conrad  the  best  mode  of  preparation  is  the  follow- 
ing: — 100  grams  of  monochloracetic  acid  dissolved  in  200  cc.  of 
water  are  neutralized  with  pure  carbonate  of  potash  or  soda,  and 
to  this  80  grams  of  finely  powdered  and  pure  potassium  cyanide 
are  added,  and  the  whole  warmed.  A  violent  reaction  soon  occurs, 
some  hydrocyanic  acid  being  evolved.  In  order,  however,  to 
complete  the  decomposition  of  the  salt,  heat  must  be  employed 
for  two  hours  on  a  water-bath,  the  water  evaporating  being 
replaced,  and  then  100  grams  of  caustic  potash  added,  when  an 
immediate  evolution  of  ammonia  takes  place.  It  is  then 
further  heated,  until  the  smell  of  this  gas  ceases,  the  whole 
neutralized  with  hydrochloric  acid  and  calcium  chloride  added, 
which  yields  a  voluminous  precipitate,  which  soon  becomes 
crystalline.  This  is  then  washed  with  boiling  water  and 
decomposed  with  the  calculated  quantity  of  oxalic  acid.  The 
filtrate  is  then  evaporated,  and  the  residue  extracted  with 
ether.^ 

]\lalonic  acid  is  also  formed  by  oxidizing  propylene,  CgHg, 
aUylene,  CgH^,  and  amylene,  CgH^^Q,  with  potassium  perman- 
ganate.'* 

o 

It  is  easily  soluble  in  water  and  alcohol,  and  crystallizes  in 
triclinic  tables  or  laminse.  It  melts  at  132°,  and  decomposes  at 
a  higher  temperature  into  carbon  dioxide  and  acetic  acid.  Its 
salts  have  been  carefully  examined  by  Finkelstein. 

Potassium  Malonate,  CgHgO^Kg,  is  deliquescent.  The  acid 
salt,  2C3ll20^E[K  +  Il20,  crystallizes  in  large  prisms  which  do 
not  undergo  alterations  in  the  -air.  Acid  Sodium  Malonatey 
2C3H204NaH-l-Il20,  is  deposited  in  large  transparent  crystals. 
Calcium  Malonate,  2C3H20^Ca  +  THgO,  is  very  difficultly  soluble 
in  water,  and  crystallizes  in  small  transparent  needles.  Barium 
Malonate,  C3H204Ba  +  H20,  forms  a  silky  radiating  crystalline 
mass,  and  is  also  difficultly  soluble  in  water,  but  dissolves 
readily  in  acetic  acid.  The  other  malonates  are  most  of  them 
slightly  soluble  in  water. 

^  Ann.  Chem,  Pharm-.  cxxxi.  34S  and  350  ;  Jmcrn.  Chem.  Soc.  [2],  ii.  79. 

2  Finkelstein,  Ann.  Chem.  Pharm,  cxxxiii.  338  ;  Hointzel,  ib.  cxxxix.  129  ; 
H.  von.  Miiller,  Journ.  Prakt.  Chem.  xix.  326 ;  Grimaux  and  Tscherniak,  Bulk 
Soc.  Chim.  xxxi.  338. 

^  Aftn.  Che^n,  Pharm.  cciv.  125, 

*  Compt.  Rend.  Ixiv.  36. 
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Ethyl  Malonate,  031120^(02115)2,  is  best  obtained  by  pouring 
eight  parts  of  absolute  alcohol  on  to  three  parts  of  the  well- 
dried  calcium  salt,  the  whole  being  saturated  with  hydrochloric 
a^id,  and  after  standing  for  some  time  heated  on  the  water-ba.th 
and  hydrochloric  acid  gas  again  led  into  it.  The  alcohol  is  then 
allowed  to  evaporate,  the  residue  neutralized  with  carbonate  of 
soda  and  the  ether  separated  by  addition  of  water,  dried,  and 
purified  by  fractional  distillation.  (Oonrad). 

It  is  a  faintly  aromatic-smelling  liquid  having  a  bitter  taste, 
boiling  at  195°  and  having  at  18°  a  specific  gravity  of  1'068. 

Sodium  Ethyl  Malonate ,  OHNa(G02.02H^)2,  is  obtained  by  the 
action  of  an  alcoholic  solution  of  sodium  ethylate  on  the 
foregoing  compound : 

OH2(C02.02H,)2  +  NaO.C^H^  =  OHNa(002.C2H5)2  +  HO.C2H,. 

It  crystallizes  in  white  glistening  needles.^ 

It  has  already  been  stated  that  the  sodium  compound  is  used 
for  the  synthesis  of  the  homologues  of  malonic  acid,  and  for  that 
of  the  higher  fatty  acids  (Part  I.  page  180). 

If  ethyl  carbonate  be  allowed  to  act  upon  this  body  ethyl 
methenyl  tricarljonate,  OH(002.G2H5)3  is  formed.  This  is  a 
pleasantly  smelling  liquid  boiling  at  about  260°.  It  is  decom- 
posed by  caustic  potash  into  potassium  malonate.  potassium 
carbonate,   and  alcohol.^ 

Ethyl  Chlormaloncdc,  CH01(C02.C2H5)2,  is  formed  by  the 
action  of  chlorine  upon  ethyl  malonate.  It  is  a  liquid  boihn"- 
at  221°— 222°.3 

565  Cyaiiaceiic  Add,  CO2H.OH2.ON,  is  the  nitril  of  malonic 
acid  and,  as  has  been  stated,  was  obtained  simultaneously  by  Kolbe 
and  Hugo  Miiller,  and  then  examined  by  many  other  chemists.'* 
In  order  to  prepare  it,  the  operation  is  conducted  in  the  first  place 
as  in  the  preparation  of  malonic  acid,  by  acting  upon  the  potassium 
salt  of  chloracetic  acid  with  potassium  cyanide.  The  solution  is 
then  evaporated,  the  residue  acidified  with  sulphuric  acid  and 
shaken  with  ether.  It  forms  yellow  crystals,  easily  soluble  in 
water  and  alcohol,  melting  at  ^o^  and  decomposing  into  carbon 
dioxide  and  acetonitril  when  more  strongly  heated.  If  the 
potassium   salt  of  the  acid  be  electrolyzed  it  decomposes  into 

^  Conrad,  Ann.  Chcm.  Pharm.  cci^r.  129. 
^  Conrad,  Bei\  Deutsch.  Chem.  Ges.  xii.  1236. 
3  Conrad  and  Bischoff,  ib,  xiii.  600. 

^  Meevey,   Aim.  Chem.  Pharm.  cxliU.   201 ;  van't  HofF,   Ber.    Prntsch.    Chem. 
Ges.  vii.  1382. 
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hydrogen,  carbon  dioxide,  and  ethylene  dicyanide  (succinonitril), 

Ethyl  Cyanacetate,  C02(C2H5)CH2.CN,  is  obtained  by  warming 
potassium  cyanide  with  an  alcoholic  solution  of  ethyl  chloracetate 
or  by  passing  hydrochloric  acid  into  an  alcoholic  solution  of 
cyanacetic  acid.  It  is  a  heavy,  almost  odourless  liquid  boiling 
at  207°. 

Cyanacetyl  Bromide,  CN.CHg.COBr.  This  compound  is 
obtained  by  acting  with  silver  cyanide  on  a  solution  of  broma- 
cetyl  bromide  in  chloroform,  the  isomeride,  hromacetyl  cyanide, 
CHgBr.CO.CN,  being  at  the  same  time  produced.  This  can  be 
separated  from  the  former,  compound,  by  shaking  with  ether  in 
which  it  dissolves. 

Bromacetyl  cyanide  crystallizes  in  monoclinic  tables,  melting 
at  77°- — ^79°  and  is  decomposed  by  water  into  hydrocyanic  acid 
and  bromacetic  acid.  Cyanacetyl  bromide,  on  the  other  hand, 
crystallizes  in  long  needles,  and  is  decomposed  by  water  and 
more  quickly  by  alkalis  with  formation  of  malonic  acid  :  ^ 


CN.CH^.COBr  +  SH^O  =  CO2H.CPT..CO2H  +  NH.Br. 

Bibrom-malonic  Acid,  C^r^iCO^)^.  If  bromine  is  added  to 
an  aqueous  solution  of  malonic  acid,  decomposition  takes  place, 
and  when  it  is  used  in  excess,  tribromacetic  acid  and  carbon 
dioxide  are  formed.  If,  however,  a  solution  in  chloroform  be 
employed,  dibrommalonic  acid  is  formed,  crystallizing  in  deli- 
quescent needles,  and  melting  at  126° — 128°. 

Nitrosomalonic  Acid,  C3H3(NO)  O4,  was  first  obtained  by 
Baeyer  by  decomposition  of  the  corresponding  urea,  violuric 
acid  (for  which  see  toric  acid),  with  potash.  It  forms  glistening 
needles  easily  soluble  in  water,  which  melt  on  -heating,  and 
then  explode  with  a  loud  noise.  When  boiled  with  water,  it 
decomposes  as  follows : 

CH(NO)(C02H)2  =  CHN  f  Hp  +  2CO2. 

Amidomalonic  Acid,  C3H3(NH2)04 ;  is  formed  when  the  fore- 
going compound  is  brought  into  contact  with  sodium  amalgam 
and  water.  It  is  easily  soluble  in  water  and  crystallizes  in  large 
glistening  prisms.  When  it  is  heated,  or  its  aqueous  solution 
boiled,  it  decomposes  completely  into  carbon  dioxide  and 
amido-acetic  acid. 

1  Moore,  Ber.  Deutsch.  Chem.  Ges.  iv.  519. 

2  Hiibner,  Ann.  Chem.  Fharm.  cxxix.  124. 
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Oxymalonic  Acid,  C3H3(OH)04,  was  prepared  by  Dessaignes 
by  the  spontaneous  decomposition  of  the  so  called  nitro-tartaric 
acid,  and  known  as  tartronic  acid.^  It  is  also  formed  by  the 
reduction  of  mesoxahc  acid  ^  and  by  acting  with  potash  on 
ethyl  chlormalonate  :  ^ 

CHC1(C0..C2H5).  +  3K0H  =  CH(OH)(C02K)2  4  KCl  + 

2C2H5OH. 

It  can  be  obtained  synthetically  by  bringing  together  glyosalic 
acid  and  potassium  cyanide  and  boiling  the  product  with  baryta 
water.^  It  is  easily  soluble  in  water,  crystallizes  in  large  trans- 
parent prisms,  and  is  decomposed  at  182°  into  carbon  dioxide 
and  glycolide : 

SCgH.O^  =  C^H.O,  +  2CO2  +  2H2O. 

566  Mesoxalic  Acid,  CO(C02H)2,  was  first  obtained  by  Liebig 
and  Wohler  as  a  product  of  decomposition  of  mesoxalyl  urea 
(alloxan),  a  body  obtained  by  oxidizing  uric  acid  with  nitric  acid.^ 
It  is  also  formed  by  the  action  of  iodine  on  amidomalonic  acid."^ 

CH(NH2)(C02H)2  +  I2  +  H2O  =  CO(C02H)2  +  NH,I  -h  HI. 

It  is   also    formed    by  the   action  of   silver  oxide  on   dibrom- 
pyroracemic  acid/ 

In  order  to  prepare  it,  a  warm  aqueous  solution  of  alloxan  is 
treated  with  baryta  water,  not  in  excess,  when  barium  alloxanate 
separates  out : 

/CO.NH.  /CO.NH.CO.NH2 

C0(  )C0     -h    H.0     =     C0( 

^CO.NH^  ^CO.OH. 

The  salt  thus  obtained  is  boiled  with  200  parts  of  water  for 
fiYQ,  to  ten  minutes,  and  the  solution  allowed  to  cool.  Barium 
mesoxalate  crystallizes  out  whilst  urea  remains  in  solution :  ® 

.CO.NH.CO.NH2  /CO.OH 

CO.  +  HP  =  C0(  +  NH2.CO.NH2. 

CO.OH  ^CO.OH 

Tlie  acid  is  then  liberated  from  the  barium  salt  by  sulphuric 
acid.       It    forms    dehquescent    crystals,   having    the    formula 

^  Ann.  Chem,  Pharm.  Ixxxii.  362  ;  Ixxxix.  399. 

2  Deichsel,  Joiirn.  Prakt.  Chem.  xciii.  205. 

^  Conrad  and  Bischoff,  Bcr.  Deutsch.  Chem.  Gcs.  xiii.  600. 

*  Bbttinger,  ih.  xiv.  729.  s  Ann.  Chem.  Pharm.  xxvi   298. 

^  Baeyer,  ih.  cxxxi.  298.  ^  Deichsel,  Journ.  Prakt.  Chem,  xciii.  193. 

^  "Wislicenus,  ih. 
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CgHgOg+HgO,  which  melt  at  115°  without  losing  water.  From 
this,  as  well  as  from  the  fact  that  its  salts  retain  water  with 
great  force,  it  appears  very  probable  that  the  acid  has  a  compo- 
sition analogous  to  that  of  glyoxalic  acid  (p.  103),  according  to 
which  its  formula  would  be  C(OH)2(C02H)2.  If  the  aqueous 
solution  be  heated  above  70"^,  decomposition  takes  place  with 
evolution  of  carbon  dioxide ;  and  when  boiled  with  silver  oxide, 
the  following  reaction  takes  place  : 

C02H.C0.C0.,H  +  Agfi  =  CO2H.CO2H  +  COg  +  Ag 

Ammonium  Mesoxalate,  0305(^11^2)  separates  out  in  grains 
when  ammonia  is  added  to  an  aqueous  solution  of  the  acid.  It 
is  anhydrous  and  perhaps  is  the  ammonium  salt  of  the  yet 
unknown  mesoxamic  acid,  CO(NH2)C(OH)2C02H. 

Barvj.m  MesoxalaU,  2C30gBa+3H20,  forms  microscopic  prisms 
which  are  scarcely  soluble  in  cold,  and  only  slightly  soluble  in 
hot  water.  It  does  not  lose  water  till  170°  when  it  partially 
decomposes. 

Lead  Mesoxalate,  0305(PbOH)2,  is  a  white,  light  insoluble 
powder.     The  normal  salt  does  not  appear  to  exist. 

Silver  Mesoxalate,  CgOgAgg+IIaO,  is  a  white  amorphous  pre- 
cipitate, which  soon  changes  to  tufts  of  yellowish  needles,  and  is 
decomposed  on  exposure  to  light. 

Ethyl  Mesoxalate,  C3Hj^(C2H5)2  +  H20,  is  formed  by  heating  the 
silver  salt  with  an  alcoholic  solution  of  ethyl  iodide.  It  is  a 
heavy  yellow  oil  which  decomposes  on  heating.  It  is  very  soluble 
in  water  and  is  soon  decomposed  into  alcohol  and  mesoxalic 
acid.  The  presence  of  water  in  this  ether  is  a  strong  argu- 
ment for  the  formula  which  has  already  been  given  for  the 
acid.  According  to  this  the  ether  has  the  constitution 
C(0H)3.(C0.0C,H,V 
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567  In  1815  Taylor  noticed  that  when  fats  or  oils  are  strongly 
heated,  a  gas  of  high  illuminating  power  is  obtained.  This 
observation  led  to  the  development  of  a  new  branch  of  industry, 
for  this  oil-gas  was  pumped  into  strong  copper  vessels  under  a 
pressure  of  about  30  atmospheres,  and  these  were  carried  to 
the  houses  of  the  consumers,  where  the  gas,  known  as  portable 
gas,  was  burnt  as  an  illuminating  agent. 

During  the  process  of  manufacturing  this  portable  gas  a 
liquid  was  obtained,  which  was  investigated  in  1825  by  Faraday, 
who  discovered  in  it  two  hydrocarbons.  To  one  of  these,  now 
known  as  benzene,  he  gave  the  name  of  Bicarhuret  of  Hydrogen, 
and  the  other  he  termed  "  a  new  hydrocarbon,"  without  giving 
it  any  special  name.  He  observed  that  the  second  one  was 
gaseous  at  the  ordinary  temperature,  and  on  burning  it  he 
found  that  one  volume  of  this  gas  requires  six  volumes  of 
oxygen,  yielding  four  volumes  of  carbon  dio-side.  Accordingly 
Faraday  concluded  that  the  "new  hydrocarbon"  has  the  same 
composition  as  olefiant  gas,  but  he  noticed  that  it  has  a  specific 
gravity  between  27  and  28  (H=l),  or  double  that  of  olefiant 
gas.  Like  this  latter  compound  the  new  hydrocarbon  combines 
with  an  equal  volume  of  chlorine  to  form  an  oily  liquid,  but  the 
oil  thus  obtained  contains  twice  the  quantity  of  carbon  and 
hydrogen  to  the  same  qiiantity  of  chlorine  as  Dutch  liquid.-^ 
To  this  hydrocarbon,  C^Hg,  Berzelius  gave  the  name  of  ditetryl. 
Kolbe  2  by  the  electrolysis  of  potassium  valerate  afterwards 
obtained  a  compound  of  similar  constitution  together  with  valyl 
(di-isobutyl,  Part  I.  p.  654),  and  Wurtz  ^  found  a  similar  com- 
pound amongst  the  products  of  decomposition  of  amyl  alcohol 
at  a  red-heat.  Soon  after  this,  Berthelot  *  observed  that  this 
hydrocarbon ,  which    was   also   termed   tetrylene,   hutyrene,  and 

1  Phil.  Tram.  1825,  p.  440.  ^  Ann.  Chem.  Phami.  Ixix.  269. 

3  lb.  civ.  240.  ■*  lb.  cviii.  200. 


THE  BUTYLENES.  1G3 


hutylene,  is  formed  when  sodium  acetate  or  calcium  oleate  is 
heated  with  soda  lime,  and  that  it  also  occurs  as  a  product  of 
decomposition  of  other  organic  bodies  at  high  temperatures. 
According  to  Hahn  ^  butylene  is  also  found,  together  with  its 
homologues,  amongst  the  products  which  are  obtained  by  dissolv- 
ing cast-iron  in  acids,  a  fact  which  has  been  subsequently 
confirmed  by  Cloez.^ 

At  first  it  was  believed  that  the  butylenes  obtained  by  these 
various  processes  were  identical,  but  other  investigations  have 
shown  that  three  isom^eric  modifications  exist,  viz. — 

(1)  a-Eutylene,  or  Ethylethylei 

CH3.CH2.CH  —  CH,. 

(2)  jS-Butylene,  or  Symmetrical  Dimethyl  ethylene. 
CH3CH  ~  CH.GH3. 

(3)  Isohutyleiie,  orUiisymmetrical  Dimethylethj^leD 

§1)0  =  GH,. 

568  a-B2ctylene,  or  Mhyl  Ethylene,  CHg.CH^CH  Zl  CHa-  This 
body  was  first  obtained  by  Wurtz  by  heating  bromethylene  (vinyl 
bromide),  CgHgBr,  with  zinc  ethide,  and  described  as  vinyl- 
ethyl?  It  is  also  obtained  together  with  ethyl-butyl  ether  when 
primary  butyl  iodide  is  heated  with  alcoholic  potash>  It 
is  a  gas  at  the  ordinary  temperature,  but  it  can  be  condensed  by 
cold  to  a  Hquid  boiling  at  5°. 

a-Biitylene  Bromide,  CHs.CHg.CHBr.CH.Br,  is  a  colourless 
liquid  boiling  at  166°  and  having  a  specific  gravity  of  1-8053. 

a-Butylene  Glycol,QYL^.GR^GB.{OB.yQ'R^[011)M  obtained  by 
treating  the  bromide  with  silver  acetate  and  glacial  acetic  acid 
and  decomposing  the  product  with  caustic  baryta.  It  is  a  thick 
liquid  soluble  in  water,  boiling  at  191°— 192°,  and  having  at  0° 
a  specific  gravity  of  1'0189  (Saytzew  and  Grabowsky). 

Ethyl  chlorether,  QK^.Q^..Q^{OQ^^,)GIL^Q\,  and  biethyl 
ether,  CH3.CH2.CH(OC2H5)CH2(OC2H,),  akeady  described,  are 
also  a-butylene  compounds.  _ 

^-Butylene,  or  Symmetrical  Dimethijl  Ethylene,  CH3.CH  _ 
CH.CH3,  is  obtained  by  heating  secondary  butyl   iodide  with 

i  Ann.  CUm,  Pharm.  cxxix.  57.  '  Compt.  Uend.  Ixxviii.  1565. 

3  Ann.  Chem  Pharm.  clii.  21.  ^    ,        ,  ^  o     *  -t.   .w^w   9.^0 

*  Lichen  and  Rossi,  ib,  clviii.  164  ;  Grabowsky  and  Saytzew,  i&.  clxxix.  3tJU., 
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alcoholic  potash.^  It  is  also  formed  when  a  mixture  of  methyl 
iodide  and  allyl  iodide,  CH^  _  CH  —  CHgl,  is  heated  "vrith* 
sodium.^  In  this  case  the  formation  of  a-butylene  might  be 
expected,  and  a  small  quantity  of  this  substance  is  formed,  as 
well  as  some  isobutylene,^  but  the  chief  product  is  the  /3-com- 
pound,  and  hence  a  molecular  interchange  has  taken  place.  Its 
formation  from  isobutyl  alcohol  is  still  more  remarkable.  For 
this  purpose  this  liquid  u  allowed  to  drop  on  to  heated  zin 
chloride,  and  the  gases  evolved  are  passed  through  sulphuric 
acid  diluted  with  one-half  its  volume  of  water,  the  isobutylene 
which  is  formed  at  the  same  time  being  absorbed.  The  unab- 
sorbed  gases  are  passed  into  bromine,  and  from  the  product 
yS-butylene  bromide  is  obtained  by  fractional  distillation.  If 
this  body  be  treated  with  sodium  the  pure  hydrocarbon  is 
obtained,  boiling  at  -f  1°  and  having  a  specific  gravity  at  — 13°'5 
of  0  "635.  It  solidifies  in  a  vacuum  over  a  mixture  of  ether  and 
solid  carbonic  acid  to  a  crystalline  mass. 

^-Biitylene  Bromide,  CH3.CHBr.CHBr.CH3,  is  a  liquid  boihng 
at  158°  and  having  a  specific  gravity  at  0°  of  1-821.  When 
heated  with  20  times  its  volume  of  water  together  with  lead 
oxide  to  140° — 150°  it  is  converted  into  methyl-ethyl  ketone 
(Eltekow). 

yS-Butylene  glycol  has  not  yet  been  prepared.  Another  glycol 
standing  between  it  and  the  a-compound  has  however  been 
obtained,  to  which  there  is  no  corresponding  define. 

ry-Butylene  Glycol,  CH3.CH(OH)CH2:CH2(OH),  is  formed  in 
small  quantity,  together  with  ethyl  alcohol,  when  an  aqueous 
solution  of  acetaldehyde  is  treated  with  sodium  amalgam  and 
the  liquid  kept  slightly  acid  by  addition  of  hydrochloric  acid.* 
In  this  case  /3-oxybutyraldehyde,  a  body  afterwards  to  be 
described,  is  first  formed,  and  this  combines  with  nascent 
hydrogen  to  form  the  glycol.^  It  is  a  thick  liquid  having  a 
sweet  taste,  and  is  not  soluble  in  water  but  dissolves  in  ether. 
It  boils  at  203°-5— 204.° 

569  Isohutykne,  or-  Unsymmetrical  Dimethyl  Ethylene ,  (CH3)2 
ClzCHg,  was  first  obtained  by  Kolbe  by  electrolysis  of  calcium 
valerate.  It  is  also  found,  probably  together  with  isomerides,  in 
the  products  of  decomposition  of  amyl  alcohol  by  heat.®    It  is 

^  De  Luynes,  Ann,  Chem.  Tharm.  cxxix.  200 ;  cxxxii.  275;  Lieben,  ih.  cl.  108. 
2  Wurtz,  ib,  cxliv.  235. 

^  Grosheintz,  Bull.  Soc.  Cfkim.  xxix.  201 ;  Le  Bel  and  Greene,  ib.  xxix.  306. 
4  Kekule,  Ann.  Chem.  Pharfii.  clxii.  SlQ.  ^  Wurtz,  Bull,  Soc,  Ghim.  xx.  4. 
^  Butlerow,  Ann.  Chem*  Pharm.  cxlv.  277. 
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1115:0^136  formed  easily  when  isobut}^  iodide  or  tertiary  butyl 
iodide  is  heated  with  alcoholic  potash.  The  simplest  method  of 
obtaining  it  is  however  to  heat  together  a  mixture  of  10  parts  of 
isobutyl  alcohol,  10  parts  of  sulphuric  acid,  4  parts  of  potassium 
sulphate,  and  16  parts  of  calcium  sulphate.^  According  to 
J.  Lermontow  a  better  yield  is  obtained  by  adding  2  parts 
of  water,  and  using  powdered  glass  instead  of  calcium  sulphate.^ 
Konowalow  found  that  this  product  contains  about  one-third 
of  /3-butylene  and  a  small  quantity  of  a  paraffin  which  is 
probably  isobutane.^  Isobutylene  is  a  gas  which  has  an  un- 
pleasant s^i£lUiikB'''coargas,  and  is  condensed  by  pressure  or 
cold  to  a  liquid  which  boils  at  —6°  ^ 

Isdbtiiylene  Chloride^  C^HgClg,  is  an  oily  liquid  having  a 
smell  resembling  that  of  ethylene  chloride  and  boiling  at  123° 
(Kolbe). 

Isohittijlene  CJilorhydrm,  (CH3)2CC1.CH2.0H,  is  obtained  by 
the  union  of  hypochlorous  acid  with  isobutylene.  It  is  an 
aromatic-smelling  liquid  boiling  at  137°,  and  being  converted  by 
the  action  of  sodium  amalgam  and  water  into  isobutyl  alcohol.^ 

Isobutylene  Bromide,  C^HgBrg,  boils  at  148° — 149°  and  has  a 
specific  gravity  at  14°  of  1*798.  When  heated  with  lead  oxide 
and  15  to  20  times  its  volume  of  water  to  140° — 150°  isobutyl 
aldehyde  is  formed,  together  with  a  small  quantity  of  isobuty- 
lene glycol.®  Alcoholic  potash  converts  the  bromide  into 
hromisohutylene,  (011^)^  ZZ  CHBr,  a  body  boiling  at  91°,  and 
yielding  isobutyric  acid  on  heating  with  silver  oxide  and  water 
(Butlerow). 

Isolutylene  Glycol,  (CH3%C(0H)CH,(0H),  is  a  liquid  re- 
sembling common  glycol,  obtained  by  heating  the  bromide  with 
water  and  potassium  carbonate.  It  boils  at  176° — 178°  and 
has  at  0°  a  specific  gravity  of  1*02197 

"Wurtz  obtained  a  butyl  glycol  from  butylene  obtained  by  the 
decomposition  of  amyl  alcohol  at  a  red-heat.  It  boils  at  183° 
— 184°,^  and  is  probably  a  mixture. 

Mtro-isohutylene,  (CH3)2Cz:CH(N02),  is  formed  by  the  action 

^  Puchot,  Gompt  Rend:  Ixxsv.  151. 

2  Ann.   Chem.  Pharm.  cxcvi.  117. 

3  Bull.  SoG.  Ghim.  [2],  xxxiv,  333. 

4  Butlerow,  ZeitscL  Chem.  1870,  236. 

^  Butlerow,  Ann.  Chem.  Pharm.  cxliv.  26 
^  Elketow,  Joum.  Buss,  Chem.  Ges.  x.  214 
^  Nevole,  Bull,  S.oc.  Chim.  xxvii.  63. 
8  Ann.  Ghim.  Phys.  [3],  Iv.  400. 
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of  concentrated  nitric  acid  on  trimetbyl  carbinol.  It  is  a 
yellowish  oil  which  boils  with  partial  decomposition  at  154° — 
158°,  and  has  a  very  pungent  smell  a-nd  burning  taste.  It  is 
almost  insoluble  in  water  but  dissolves  readily  in  alkalis.  With 
alcoholic  soda  it  yields  the  compound  C^HgNaNOg,  a  yellow 
powder  which  on  heating  deflagrates,  and  decomposes  on 
standing,  changing  its  colour  to  brown.  If  nitro-isobutylene  be 
heated  with  water  to  100°  it  decomposes  into  acetone  and  nitro- 
methane,  and  when  heated  with  hydrochloric  acid,  it  yields 
ammonia,  hydroxylamine,  carbon  dioxide  and  other  products 
which  have  not  yet  been  investigated.^ 


TRICHLORBUTIDENE  COMPOUNDS. 

570  Trichloj^hutidene  Oxide,  Trichlorhutyraldehyde,  or  Butyl 
Chloral,  CH3.CHCI.CCI2.COH,  was  first  obtained  by  Kramer  and 
Pinner  ^  by  acting  with  chlorine  on  acetaldehyde,  and  described 
as  GToton  chloral,  C4H3CI3O.  Its  correct  composition  was  then 
recognised  by  Pinner,^  who  also  explained  its  formation.  Two 
molecules  of  aldehyde  first  unite  together  with  separation  of 
water  and  formation  of  croton  aldehyde : 

CH3  CH3 


+     H,0. 


COH  (JH 

CH3  CH 

I  I 

COH  COH 

Chlorcroton-aldehyde,  CHg.CHzi  CCLCOH,  is  then  formed, 
and  this  unites  with  one  molecule  of  chlorine.  The  compound 
is  best  obtained  by  passing  chlorine  into  paraldehyde,  which  is 
well  cooled  and  afterwards  heated  to  100°  as  long  as  action  is 
observed.  More  alcohol  is  added  to  the  product,  and  this 
neutralized  with  calcium  carbonate,  when  the  whole  is  distilled 
and  the  corresponding  hydrate  obtained,  and  this  on  heating  in 
a  stream  of  hydrochloric  acid  yields  pure  butyl  chloral.  It  is  an 
oily  pungent-smelling  liquid,  boiling  at  164°— 165°,  and  having 
a  specific  gravity  of  1.3956  at  20°. 

1  Haitinger,  Ann.   Chem.   Plmrm.  cxciii.  366. 

2  Bcr.  Dcutsch.  Chem.  Ges.  iii.  386  and  790. 
^  Ann.  Chem.  Pharm.  clxxix.  21. 
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TricMorhotidene  Glycol,  or  Butyl  Chloral  Hydrate,  CH3.CHCL 
CCl2.CH(OH)2,  is  easily  obtained  by  the  union  of  the  foregoing 
compound  with  water.  It  crystallizes  in  tablets  which  are 
difficultly  soluble  in  hot  water.  It  fuses  at  78°,  and  is  easily 
volatile,  yielding  a  vapour  which  excites  a  flow  of  tears.  Given 
internally  it  acts  similarly  to  chloral  hydrate,  and  is  said  to  have 
been  used  with  good  effect  in  certain  cases.  In  other  respects 
butyl  chloral  presents  the  greatest  analogy  to  common  chloral. 
Potash  solution  decomposes  it  in  the  cold  with  formation  of 
allylene  dichloride,  CH3CGI  .:i  CHCl,  and  potassium  formate. 
Heated  with  fuming  nitric  acid,  trichlorbiutyric  acid,  CH3.CHCI. 
CClg.COgH,  is  formed,  a  body  tolerably  soluble  in  water,  and 
crystallizing  in  needles  which  melt  at  60°,  the  acid  boiUng 
between  236°  and  238°,  and  forming  salts  which  are  easily 
decomposed.''- 
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571  a-Oxylutyric  Acid,  CH3.CH2.CH(OH).C02H,  was  first 
obtained  from  brombutyric  acid  (Part  I.  p.  579)  by  acting  on  it 
with  water  and  silver  oxide.^  In  order  to  prepare  it,  brombutyric 
acid  is  boiled  with  baryta  solution,  the  barium  precipitated  by 
sulphuric  acid  and  the  oxybutyric  acid  extracted  from  the  solu- 
tion by  shaking  with  ether.  The  crude  acid  is  then  converted 
into  the  zinc  salt,  {Q^^0^^Zvi^2B.fi,  crystallizing  in  small 
prisms  and  difficultly  soluble  in  cold  water,  and  this  is  then  de- 
composed by  sulphuretted  hydrogen.^ 

a-Oxybutyric  acid  is  also  formed  when  propionaldehyde  is 
mixed  with  an  excess  of  aqueous  hydrocyanic  acid  and  allowed 
to  stand  for  some  days  at  0^  One  and  a  half  times  its  vohime 
of  hydrochloric  acid  of  specific  gravity  1'185  is  added,  and  the 
whole  allowed  to  stand  at  the  ordinary  temperature  for  some 
days,  and  then  heated  for  some  hours  to  60°— 70°  and  the  acid 
removed  by  shaking  with  ether.* 

It  is  a  crystalline  deliquescent  mass  melting  at  42°-42°-5, 

^  Kramer  and  Pinner,  Ber.  Deutsch.  Chem.  Ges.  iii.  389  ;  Judson,  ih.  iii. 
785;  Kahlbaum,  ih.  xii.  2337;  Gazzorolli-Thurnlak,  Ann.  Chem.  Pharm. 
clzxxii,  181. 

2  Naumann,  ib.  cxix.  115  ;  Friedel  and  Machuca,  ib.   cxx.  279. 

3  Markownikow,  ib.  clix.  242. 

*  Prizibytek,  Joum,  Ituss.  Chem.  Ges.  viii.  335  ;  Ben  Deutsch.  Chem.  Ges. 
ix.  1348. 
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beginning  to  sublime  at  60°-70°,  and  boiling  at  255°-260°  with 
partial  decomposition.  On  oxidation  it  yields  propionaldehyde 
and  propionic  acid.-^ 

572  k-OxytiityricAcid,  CH3.CH(OH).CH2.C02H,  was  first  ob- 
tained by  Wislicenus  by  acting  with  sodium  amalgam  and  water 
on  ethyl  acetacetate  ^  (p.  172).  It  is  also  formed  when  propylene 
chlorhydrin  is  heated  to  100°  with  potassium  cyanide  and  spirit 
of  wine,  and  the  nitril  which  is  thus  formed  decomposed  with 
caustic  potash.^  In  order  to  separate  it  from  alkali  salts  which 
are  formed  at  the  same  time,  it  is  acidified  with  sulphuric  acid 
and  shaken  up  with  ether  ;  the  ethereal  solution  depositing  the 
acid  as  a  viscid  deliquescent  syrup,  which  volatilizes  in  a  current 
of  steam,  and  when  heated  by  itself  is  converted  into  a-crotonic 
acid.  The  zinc  salt  is,  like  most  of  the  y3-oxybutyrates, 
amorphous. 

^-Oxyhutyraldehych,  CH3.CH(OH).CH2.COH.  This  com- 
pound, which  is  the  only  known  aldehyde  in  the  lactic  acid 
series,  was  obtained  by  Wurtz  by  gradually  adding  2  parts  of 
hydrochloric  acid  of  specific  gravity  1*16  cooled  to  -10°,  to  a 
mixture  of  equal  parts  of  hydrochloric  acid  and  aldehyde  cooled 
to  0°.  The  mixture  was  allowed  to  stand  for  some  days  at  the 
ordinary  temperature,  then  neutralized  with  carbonate  of  soda, 
shaken  up  with  ether,  and  the  residue  remaining  on  evaporation 
was  distilled  in  a  vacuum.  The  formation  of  this  body,  which 
was  termed  aldol  (aldehyde  alcohol)  by  Wurtz,  is  explained  by 
the  following  equations : 

(1)  CH3COH  +  HCl  =  CH3CH(0H)CL 

(2)  CH3.CH.(0H)C1  +  CH3.COH  -  CH3.CH(0H)CH.C0H  + 

HCL 

It  IS  a  thick  liquid  which  at  0°  is  so  tenacious  that  the  vessel 
containing  it  may  be  overturned  without  its  running  out.  It  is 
easily  soluble  in  water,  and  has  a  bitter  aromatic  taste.  Under 
ordinary  pressure  it  cannot  be  distilled  without  change,  as  it 
decomposes  above  135°,  into  water  and  croton  aldehyde.  It 
quickly  reduces  ammoniacal  silver  solution  with  formation  of  a 
silver  mirror,  and  production  of  y8-oxybutyric  acid,  and  unites 
with  nascent  hydrogen,  forming  /3-butylene  glycol. 

^  Ley,  Ber.  Deufsch.  Chem.  Ges.  x.  230. 
2  Ann,  Chem.  Pharm.  cxlix.  205. 
^  Markownikow,  ib.  cUii.  237. 
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On  standing  it  undergoes  spontaneous  change  into  paraldol,  a 
body  crystallizing  in  triclinic  prisms,  and  this  on  heating  under 
diminished  pressure  is  again  transformed  into  aldol. 

Aldol- Ammonia y  or  Oxydihutidene  Hydroxyaminey 

CH3.CH(OH).CH2CH  |  ^g 

is  obtained  by  passing  ammonia  into  an  ethereal  solution  of 
aldol.  It  is  a  syrupy  liquid,  which  dries  up  in  a  vacuum  to  a 
resinous  mass. 

Bialdan,  CgH^^Og,  is  formed  when  the  mixture  of  aldehyde 
and  hydrochloric  acid,  used  for  the  preparation  of  aldol,  is 
allowed  to  stand  for  some  time. 

It  forms  crystals  which  are  slightly  soluble  in  cold  water,  but 
dissolve  in  boiling  alcohol  and  melt  at  130°.  Like  aldehyde  it  re- 
duces ammoniacal  silver  solution,  and  it  is  oxidized  by  potassium 
permanganate  with  formation  of  monobasic  dialdanic  acid, 
CgH-^^O^,  a  body  easily  soluble  in  water,  and  crystallizing  in 
monoclinic  prisms,  which  melt  at  80°.^ 

When  dialdan  is  treated  with  sodium  amalgam  in  slightly 
acid  solution,  dialdan  alcohol,  CgH^gOg,  is  formed.  This  is  a 
crystalline  deliquescent  mass  melting  at  about  50°  and  boiling  at 
162° — 165°  Tinder  a  pressure  of  10mm.  On  heating  with  acetic 
anhydride,  the  diacetate,  CgH;^^(C2H30)203,  is  formed.  The 
alcohol  does  not  combine  with  bromine,  and  the  dialdan  com- 
pounds therefore  do  not  not  contain,  as  Wurtz  formerly  supposed, 
two  doubly  linked  carbon  atoms.  He  now  gives  the  following 
formula  to  the  alcohol :  ^ 


CH,.CH.CH,.CH.OH2.CH(OH)CH2CH2.0K 


When  dialdan  is  heated  with  aqueous  ammonia,  the  dyad 
base,  CigH^gOgNg,  is  formed.  It  is  amorphous,  easily  soluble  in 
water,  and  has  an  alkaline  reaction  and  a  very  bitter  taste.^ 

573  -i-Oxyl%tyTiG  Acid,  CH2(OH).CH2.CH2.C02H.  By  the 
action  of  phosphorus  pentachloride  on  succinic  acid,  Q>^IQjO^)^, 
the  corresponding  chloride,  C2H4(C0C1)2,  is  obtained,  and  this 
when  treated  with  glacial  acetic  acid  and  sodium  amalgam  yields 

^  Bull.  Soc.   Chim.   [2],  xvii.   436;  xx.  4;  Compt.  lUTid.  Ixxxiii.  255,   1259; 
Ixxxvii.  45 ;  B%dl.  Soc.  Chim.  xxviii.  170. 
^  Compt.  Rend.  xcii.  1371. 
»  76.  xc.  1030. 
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the   anhydride  of  the  above  oxybutyric  acid,  which  probably 
possesses  the  following  constitution  : 

CH2.CH2CH2 

0 CO.    . 

It  is  a  crystalline  body  boihng  at  201° — 203°,  and  when  heated 
with  baryta  water  it  yields  the  crystalline  deliquescent  barium 
salt,  from  which  the  acid  can  be  liberated  by  dilute  sulphuric 
acid  and  withdrawn  from  solution  by  means  of  ether.  On 
evaporating  this  solution  the  acid  remains  as  a  liquid,  which  on 
distillation  yields  water  and  the  anhydride,  which  on  oxidation 
yields  succinic  acid,  and  was  formerly  considered  to  be  the 
aldehyde  of  this  latter  acid.  The  solution  of  the  zinc  salt 
yields  a  syrup  on  evaporation,  which  on  standing  solidifies  to 
an  imperfectly  crystalline  mass. 

By  the  action  of  phosphorus  iodide  on  the  aqueous  solution 
of  the  anhydride  7-iodobutyric  acid  is  obtained,  an  oily  liquid 
which  is  converted  into  normal  butyric  acid  by  the  action  of 
dilute  sulphuric  acid  and  sodium  amalgam.^ 

574   a-Oxyisohiityric    Arid,     (G'ii.,)^.G(OIl).GO^Ti,    was    first 

obtained  by  Wurtz  by  oxidizing  amylene  glycol,  and  termed  by 

him  butyl  lactic  acid.^     Stadeler  afterwards  obtained  it  by  the 

action  of  hydrocyanic  acid  and  hydrochloric  acid  on  acetone,  a 

mode  of  formation  which  is  analogous  to  that  of  lactic  acid  from 

aldehyde,  and  termed  it  aceto7iic  acid.^     After  this  Frankland 

and    Duppa    obtained   an   acid    of  the   same    composition   by 

heating  methyl  oxalate  with  methyl  iodide  and  zinc,  and  to  it 

they  gave  the  name  of  dimethyl  oxalic  acid,''  and  Markownikow 

found  that  these  acids  are  identical  with- that  which  he  obtained 

by  boiling  bromisobutyric  acid  with  baryta  water.  ^     Any  one  of 

these  different  methods  may  be  employed  for  the  preparation  of 

the  acid.     A  mixture  of  acetone,  hydrocyanic  acid  and  dilute 

hydrochloric  acid  is  allowed  to  stand  for  three  weeks.     It  is  then 

boiled  for  three  days  in  connection  with  a  reversed  condenser, 

the  excess  of  acetone  evaporated  off  on  the  water-bath,  and  the 

residue  shaken  with  ether,  the  acid  remaining  after  evaporation 

of  the  ether  being  Converted  into  the  zinc  salt,  and  this  in  its 

turn  decomposed  by  sulphuretted  hydrogen.^ 

^  Saytzew,  Jotirn.  PraU.  Chcm.    [2],  xxv   61 

2  Ann.  Chem.  Pharm.  cvii.  197  "       * 

^  lb.  cxi.  320.  4   r.  ...    „^ 

^  lb.  cliii.  228.  6  m"  7™'\'  ^^'  ..       ,   . 

Markownikow,  ib.  cxlvi.  399. 
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To  obtain  it  from  methyl  oxalate,  amalgamated  granulated  zinc 
is  covered  with  a  mixture  of  the  ether  and  methyl  iodide,  in  the 
proportion  of  1  to  2  molecules,  and  the  mixture  heated  in 
absence  of  air  for  96  hours  to  30° — 50°.  To  the  crystalline 
mass  water  is  gradually  added  and  the  whole  boiled  with  an 
excess  of  caustic  baryta.  The  dissolved  iodine  is  removed  by 
silver  oxide,  and  the  barium  precipitated  by  carbon  dioxide,  the 
barium  salt  being  obtained  by  concentrating  the  solution,  and 
this  again  decomposed  by  sulphuric  acid.^ 

If  the  acid  is  to  be  obtained  from  bromisobutyric  acid , 
sodium  carbonate  should  be  employed  in  pi  ace  of  caustic 
baryta.^ 

Oxyisobutyric  acid  is  very  soluble  in  water,  and  crystallizes  in 
large  white  prisms  which  melt  at  79°,  but  begins  to  sublime  at 
50°.  It  boils  without  decomposition  at  212°,  and  volatilizes  easily 
in  a  current  of  steam.  It  has  a  strong  acid  taste  and  a  pecuHar 
cheese-like  smell.  Its  crystalline  salts  are  all  easily  soluble  in 
water,  with  the  exception  of  the  zinc  salt  (GJlfjO^^Zn  ■\~  2H2O, 
which  crystallizes  in  six-sided  microscopic  laminae,  or  in  well- 
formed  four-sided  tables,  dissolving  at  15°  in  160  parts  of  water, 
and  being  somewhat  more  soluble  in  boiling  water. 

/3-OxysobutyricAcid,*^-^2(gH)\cH.C02H,  which  ought,  ac- 
cording to  theory,  to  exist,  is  not  known. 
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575  Fropiony I  Formic  Acid,  CHg.CHg.CO.COgH.  When  pro- 
pionyl  chloride  is  heated  with  silver  cyanide,  its  nitril  or  propionyl 
cyanide,  CgHg.CO.CN,  is  formed.  This  is  a  liquid  resembling 
acetyl  cyanide;  it  boils  at  108° — ^110°,  and  is  decomposed  by 
water  into  propionic  acid  and  hydrocyanic  acid.  Propionyl  formic 
acid  is  obtained  by  the  action  of  hydrochloric  acid  upon  this  body. 
It  is  a  peculiarly  smelling  oil  which  boils  under  a  pressure  of 
25mm.  at  74° — 78°.  Sodium  amalgam  and  water  convert  it  into 
a-oxybutyric  acid.  The  majority  of  its  salts  are  easily  soluble 
in  water  and  crystallize  well,  and  this  serves  to  distinguish  this 
acid  from  its  lower  homologue,  pyroracemic  acid.^ 

^  Ann.  Ckem.  Pkarm.  cxxxv,  25.  ^  Fittig,  ib.  cc.  68. 

3  Claisen  and  Moritz,  Ber,  Deuisch,  Chem,  Ges.  xiii.  2121. 
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576  Acetoacetic  Acid,  CHg.CO.CHg.COgH,  is  not  known  in  the 
free  state.  Ethers  of  it  are  however  known,  and  of  these  the 
following  are  the  most  important. 

Mhyl  Acetoacdate,  or  Acetoacetic  Ethyl  Ether,  CH3.CO.CHj. 
CO0.C9H5.  In  the  year  1863  Geuther  commenced  to  study  the 
action  of  sodium  on  ethyl  acetate,  and  found  that  a  crystalline 
compound  having  the  formula  CgHgNaOg  is  formed,  together  with 
sodium  ethylate,  hydrogen  being  at  the  same  time  evolved.  If 
the  first  of  these  substances  be  heated  with  methyl  or  ethyl 
iodide,  ether-like  compounds  are  formed,  whilst  by  the  action  of 
hydrochloric  acid  on  this  sodium  compound  a  volatile  liquid 
having  the  composition  CgH^(j*^3  ^^  produced,  to  which  he  at 
first  gave  the  name  of  diacetic  ether.^  Later  on,  however,  he 
found  that  one  atom  of  hydrogen  in  this  body  can  be  replaced  not 
only  by  sodium  but  by  other  metals,  and  he  then  considered  the 
body  to  be  ethyl  diacetic  acid,  and  the  bodies  obtained  by 
the  action  of  iodides  on  this  he  considered  to  be  the  ethers  of 
this  acid.^ 

In  the  meantime  Frankland  and  Duppa,^  without  being 
acquainted  with  Geuther' s  investigations,  occupied  themselves 
with  this  subject,  and  likewise  found  that  sodium  acts  upon  acetic 
ether  with  evolution  of  hydrogen  and  formation  of  a  crystalline 
mass.  This  mass  they  treated  with  ethyl  iodide,  and  after  the 
reaction  was  complete  added  water  to  it  and  distilled,  and  from 
this  distillate  obtained  the  following  products  : 

(1)  Diethyl  ether,  {C^B.^\0. 

(2)  The  ethyl  ether  of  ethyl  acetic  acid,  (C2H5)CH2.C02H, 
which  is  identical  with  butyric  acid. 

(3)  The  ethyl  ether  of  diethylacetic  acid,  (C.^H5)2CH.C02H, 
Avhich  is  isomeric  with  caproic  acid. 

(4)  Ethyl  acetone-carbonic  acid,  CgH^^Og,  a  body  identical 
with  Geuther's  ethyl  diacetic  ethyl  ether,  and  it  is  converted  by 
heating  with  baryta  water  into  alcohol,  carbon  dioxide,  and 
ethyl  acetone  (C2H5)CH2.CO.CH3. 

(5)  Diethyl-acetone  acetic  ether,  C^^jH^gOg,  a  body  which  on 
heating  with  bases  yields  alcohol,  carbon  dioxide,  and  diethyl- 
ucetone,    (C2H5)2CH.CH.CO.CH3. 

Similar  compounds  with  other  alcohol  radicals  were  obtained 
by  the  employment  of  the  iodides  of  methyl,  isopropyl  and 
amyl. 

^  Jahresb.  Chem.  1863,  323.  2  jh.  1865,  302. 

3  Phil.  Trans,  clvi.  37. 
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The  formation  of  ethyl  acetic  acid  and  diethyl  acetic  acid  and 
other  simple  and  double  substituted  acetic  acids  was  explained 
by  the  supposition  that  when  sodium  acts  upon  acetic  ether  the 
compounds  CHgNa.COgCgHg  and  CHNag.COgCgHg  are  formed, 
and  that  when  the  sodium  in  these  is  replaced  by  alcohol  radicals 
the  ethers  of  the  higher  fatty  acid  are  produced. 

The  formation  of  ethyl  cai'bonate  of  ethyl  can  also  be  readily 
explained.  According  to  Geuther  the  formation  of  sodium  ethyl 
diacetate,  or  sodacetone  carbonate  of  ethyl  as  Frankland  and 
Duppa  called  it  is  represented  by  the  following  equation : 

2C2H5O.C2H3O  +  Na^  =  H2  +  CgHg.ONa  +  CeHgNaOg. 
But  according  to  Frankland  and  Duppa  it  is  probably  formed 


as  follows  : 
CH. 
CO.OCoH. 


CH3 

4    I     '  +     Nag    -     CO  +     2C2H,.OH     +     H^. 

CHNa 

I 
CO.OC2H5 

If  the  sodium  be  replaced  by  ethyl,  ethyl  carbonate  of  ethyl  is 
formed,  and  this  is  decomposed  by  baryta  water  into  ethyl 
acetone,  alcohol,  and  carbon  dioxide. 

In  this  reaction  disodacetonate  of  ethyl  may  be  formed : 


CH 


CH3  I 

2    1  +     Na,     =     CO  +     C2H5OH     +     Hg. 


CO.OC2H, 


CNa, 
CO.OCoH, 


This  can  be  converted  by  ethyl  iodide  into  diethyl  carbonate 
of  ethyl  which  yields  diethyl  acetone  when  decomposed  by 
alkalis.^ 

These  views  are  generally  accepted,  and  as  in  this  case  the 
action  of  sodium  upon  acetic  ether  is  first  to  produce  sodium 
acetoacetic  ether,  CH2lSra.C02C2Hg,it  was  hoped  by  the  action  of 
acetyl  chloride  on  the  crude  product  to  obtain  larger  quantities 
of  Geuther's  ethyl  diacetic  acid.^  Hence  it  was  termed  acetyl 
acetic  ether,^  or  shortly,  acetacetic  ether. 

1  Phil.  Trails,  xcvi.  37.  ^  Lippmann,  Zeitsch.  Chem,  1869,  28. 

3  Wislicenus,  Ann.  Chem.  Pharm.  cxlix.  207. 
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Geuther  had,  however,  in  the  meantime  repeated  his  experi- 
ments and  arrived  at  exactly  the  same  conclusion  as  before.  He 
in  vain  endeavoured  to  obtain  the  hypothetical  sodium  com- 
pound, the  existence  of  which  Frankland  and  Duppa  assumed, 
and  he  was  able  to  explain  to  a  great  extent  some  of  the 
syntheses  obtained  by  these  chemists.  He  found  in  the  first 
place  that  when  pure  sodium  ethylate  is  heated  with  pure 
acetic  ether  a  considerable  quantity  of ''ethyl  diacetic  acid''  is 
formed  — 

CgHg-ONa  -h  SC^HgO^  =  2C2H5.OH  +  C^H^NaOa. 

Moreover,  he  observed  that  when  the  ethyl  ether  of  this  acid 
(ethyl  acetone  carbonate  of  ethyl)  is  heated  with  acetic  ether  and 
sodium  ethylate,  ethyl  butyrate  is  formed  : 

CA(C,H,)03  +  C,H,.ONa  +  C^H^O.OCA  =  C\H3NaO,  + 
2C4H7O.OC2U5. 

By  the  action  of  sodium  on  acetic  ether  the  first  compound 
which  is  produced  is  CgHjjNaO^,  together  with  sodium  ethylate. 
This  latter  acts  further  upon  the  acetic  ether  according  to  the 
first  of  the  above  equations.  By  the  action  of  ethyl  iodide 
ethyl  acetone  carbonate  of  ethyl  is  formed,  and  this  is  then  con- 
verted according  to  the  second  equation  into  sodium  acetate 
and  ethyl  butyrate.  He  also  suggested  that  the  latter  compound 
yields  the  two  other  bodies,  inasmuch  as  when  treated  with 
sodium  ethylate,  it  behaves  in  a  similar  way  to  ethyl  acetate.^ 

Further  investigations  on  this  subject  have  shown  that  when 
perfectly  pure  and  absolutely  dry  acetic  ether  is  made  use  of  no 
hydrogen  is  evolved.^  According  to  Oppenheim  and  Precht^ 
this  depends  upon  the  fact  that  a  part  of  the  acetyl  which 
separates  from  the  acetic  ether  is  reduced  to  sodium  ethylate : 

CH3.CO-     +     Na     +    H2     =.     CH,.CH2.0Ka. 

577  The  researches  of  Wislicenus  and  his  pupils  however  have 
thrown  a  clear  light  upon  the  changes  which  accompany  the 
synthetical  reactions  discovered  by  Frankland  and  Duppa.  The 
results  to  which  they  arrived  have  already  been  mentioned. 
(Part  I,,  page  180.) 

It  is  therefore  suflScient  here  shortly  to  state  that  the  ethyl 
sodacetacetate,CH3.CO.CHNa.CO.OC2H5  is  converted  by  acids 

1  Jahresh.  1868,  511. 

2  Wanklyn,  Jmrn.  CJiem.  Soc.  [2],  ii.  371  :  Ladenburg,  Ser.  Veutsch.  Chem. 
Gcs.  iii.  305. 

3  Ih.  ix.  320. 
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into  ethyl  acetacetate,  CHgCO.CHg.CO.OCgHg,  in  which  one 
hydrogen  atom,  but  no  more,  can  be  again  replaced  by  sodium. 
In  the  ethers  which  are  obtained  by  the  action  of  the  iodides  of 
the  alcohol  radicals  on  these  sodium  compounds  the  second  atom 
of  hydrogen  can  be  replaced  by  sodium  giving  rise  to  compounds 
such  as  CH3CO.C(C2Hg)Na.C02C2Hg.  In  this  the  metal  can 
again  be  replaced  by  an  alcohol  radical.  The  simple  and  double 
acetacetates  thus  obtained  are  decomposed  by  concentrated 
caustic  potash  in  the  following  way  : 

I  I 

CO  CO.OK 

I  +     2K0H    =  +     HO.C2H5. 

CXY  CHXY 

I  I 

CO.OC2H5  CO.OK 

In  this  formula  X  and  Y  signify  either  hydrogen  or  any 
alcohol  radical,  and  they  yield  therefore  potassium  acetate,  the 
potassium  salt  of  a  simple  or  double  substituted  acetic  acid  and 
alcohol. 

By  the  action  of  baryta  water  Ketones  are  formed  :  ^ 

CH3 

I  CH3 

GO  I 

I  +     Ba(0H)2     =     00         +     HO.C2H5     -h     COsBa. 

CXY  I 

I  CHXY 

CO.OC2H5 

578  Preparation.  In  order  to  prepare  ethyl  acetacetate,  the 
following  process  may  be  employed : 

To  one  kilo,  of  pure  ethyl  acetate  contained  in  a  flask  provided 
with  a  reversed  condenser  100  grams  of  sodium  cut  into  small 
pieces  are  at  once  added  when  the  liquid  soon  begins  to  boil. 
When  this  ceases  it  is  heated  on  a  water-bath  until  the  metal 
is  completely  dissolved.  To  the  still  warm  liquid  mass  550 
grams  of  50  per  cent,  acetic  acid  are  then  added  and  the  whole 
well  shaken  up,  the  mixture  allowed  to  cool,  and  then  500cc.  of 
water  added  when  the  mass  separates  into  two  layers.  The 
upper  of  these  is  removed,  washed  with  a  little  water  and  distilled 
in  the  water-bath,  when  the  larger  quantity  of  unaltered  ethyl 

1  Ann,  Chem.  Fharm.  cbcxxvi.  161,  where  the  history  of  this  subject  is  fully 
discussed. 
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acetate  distils  over.  The  residue  is  then  submitted  to  fractional 
distillation  until  the  chief  portion  boils  at  175° — 185°,  and  the 
liquid  thus  obtained  is  sufficiently  pure  for  most  purposes.  By- 
repeated  fractional  distillation  a  somewhat  purer  product  boiling 
at  178° — 182°  is  obtained,  but  as  the  ether  decomposes  slightly 
on  distillation  into  products  which  will  be  afterwards  described, 
a  perfectly  pure  substance  cannot  be  thus  obtained.  In  the 
most  favourable  case  a  yield  of  175  grams  is  obtained.-"-  The 
large  excess  of  ethyl  acetate  is  necessary  in  order  to  diminish  the 
decomposition  which  occurs  and  by  which  the  yield  would  be 
much  diminished.  The  alcohol  is  removed  by  shaking  the 
portion  passing  over  below  100°  with  common  salt.  The  upper 
layer  of  liquid  is  then  dried  over  calcium  chloride  and  purified 
by  distillation,  and  in  this  way  350 — 400  grams  of  ethyl  acetate 
are  recovered. 

Ethyl  acetacetaie  is  a  liquid  having  a  pleasant  fruity  smell, 
and  boiling  with  slight  decomposition  at  181°,  its  specific 
gravity  at  20°  being  1*0256.  When  brought  in  contact  with 
sodium  amalgam  and  water  it  is  converted  into  /3-oxybutyric 
acid.^  A  very  characteristic  property  of  this  substance  is  that 
it  is  coloured  violet  by  ferric  chloride.  A  similar  coloration  is 
produced  by  the  same  reagent  in  diabetic  urine,  and  for  this 
reason  Geuther  suggested  that  this  liquid  probably  contains 
ethyl  acetacetate,  and  this  is  rendered  more  probable  by  the  fact 
that  such  urine  yields  the  products  of  the  decomposition  of 
the  ether,  namely  acetone  and  alcohol.  More  recent  experi- 
ments render  it  almost  certain  that  Geuther's  suggestion  is 
correct  although  the  ether  has  not  yet  been  isolated  from  this 
liquid.  The  quantity  present  is  very  small.  In  one  case  the 
amount  was  determined  by  converting  it  into  iodoform,  and  it 
was  found  that  in  eight  days  100  parts  of  urine  had  yielded  from 
0.0399  to  0.01909  of  ethyl  acetacetate,  probably  occurring  in 
the  form  of  sodium  compound.^ 

It  has  already  been  stated  that  ethyl  acetacetate  decomposes 
on  distillation.  In  this  case  a  peculiar  acid  is  formed  to  which 
Geuther  has  given  the  name  of  dehydracetic  acid,  CgHgO^. 
This  is  obtained  in  considerable  quantity  when  the  ether  is 
heated  for  three  hours  to  a  temperature  of  230° — -250°,  when  a 

^  Ann.  Chem,  Pharm.  clxxzvi.  214. 
^  Wislicenus,  ih.  cxlix.  205. 

"  Rupstein,  Frcsenius*  Zeitsch.  xiv.   419  ;   Hilger,   Ann.  Chem.  Pkarm.  cxcv. 
314. 
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considerable  quantity  of  etliyl  acetate  together  with  other  pro- 
ducts is  formed.^  It  is  best  obtained  however  by  passing 
ethyl  acetacetate  through  a  tube  heated  below  dull  redness,  when 
alcohol  and  acetone  are  also  formed.^  It  is  difficulty  soluble  in 
cold  water  but  dissolves  more  readily  in  hot  alcohol  and  crystal- 
lizes in  rhombic  tables  which  melt  at  108°"5  and  boil  with 
partial  decomposition  at  269°.  It  is  a  monobasic  acid  and  does 
not  undergo  change  when  heated  with  strong  sulphuric  acid  or 
concentrated  nitric  acid.  If  heated  with  concentrated  caustic 
soda  it  decomposes  into  acetone,  acetic  acid  and  carbon  dioxide. 
Its  constitution  is  unknown. 


METALLIC    COMPOUNDS    OF    ETHYL 

ACETACETATE. 

• 

579  These  contain  one  atom  of  hydrogen  which  is  easily  re- 
placeable by  metals,  and  this  no  doubt  is  rendered  possible  by  the 
presence  of  the  two  carbonyl  groups.  The  salts  of  acetacetic 
ether  have  been  chiefly  investigated  by  Geuther  and  by  Conrad.^ 

Ethyl  Sodacctatey  CgH^OglS^a.  This  important  compound  is 
best  obtained  in  the  following  way:  10  parts  of  sodium  are  dis- 
solved in  100  parts  of  absolute  alcohol  and  an  equal  volume 
of  anhydrous  ethyl  ether  added,  and  then  gradually  a  mixture 
of  56'5  parts  of  ethyl  acetacetate  and  the  same  quantity  of 
anhydrous  ether.  The  mixture  is  then  well  shaken  with  2 
parts  of  water  when  the  whole  is  converted  into  a  thick  paste 
consisting  of  crystalline  needles,  which  are  then  brought  on  to 
a  filter  pump  and  dried  in  a  vacuum  over  sulphuric  acid.  In 
this  way  a  glistening,  light,  white  mass  is  obtained,  whilst  the 
filtrate,  which  still  contains  some  of  the  compound,  is  distilled 
with  acetic  acid  in  order  to  regain  the  acetacetic  acid.^  Ethyl 
sodacetacetate  crystallizes  from  hot  benzol  in  feathery  needles. 

It  has  already  been  stated  that  this  substance  is  employed 
for  the  synthesis  of  various  compounds.  If  the  iodide  of  an 
alcohol  radical  act  upon  this  body,  sodium  is  replaced  by  the 
radical,  and  a  substituted  ethyl  acetacetate  is  obtained,  which 

1  Conrad,  Bcr.  Dcafsch.  Chem   Ges.  vii.  688. 
3  Oppenheim  and  Precht,  ib.  ix.  323  and  1099. 
8  Ann.  Chem.  Pharm.  clxxxviii.  269. 
*  Harrow,  ib.  cci.  143. 
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being  decomposed  by  strong  alkalis  yields  acetic  acid,  an  homo- 
logous acid,  and  alcohol.  This  substituted  ethyl  acetacetate  again 
forms  a  sodium  compound  in  which  the  metal  can  be  replaced 
by  an  alcohol  radical,  and  by  the  decomposition  of  the  com- 
pound thus  obtained  a  doubly  substituted  ethyl  acetate  is  formed 
(Part  I.  p.  181).  Less  powerful  alkalis  such  as  baryta  water 
decompose  the  ethyl  acetacetate  into  a  ketone,  carbon  dioxide 
and  alcohol.  If,  instead  of  an  iodide  of  an  alcohol  radical,  the 
ethereal  salt  of  an  halogen-substituted  fatty  acid  be, employed, 
a  class  of  ethers  is  obtained  which  in  a  similar  way  yield  by  the 
action  of  alkalis  either  the  acids  of  the  oxalic  series  or  ketonic 
acids.  In  the  ethereal  salts  of  the  latter,  finally,  another  atom 
of  hydrogen  may  be  replaced  by  sodium,  and  this  again  by 
carbon  radicals,  and  thus  the  synthesis  of  the  higher  dibasic 
acids  and  of  the  tribasic  acids  may  be  accomplished. 

In  most  cases  it  is  not  necessary  to  obtain  the  ethyl  sodacet- 
acetate  in  the  pure  state,  but  ^  the  process  may  be  carried 
out  as  follows.  Sodium  is  dissolved  in  ten  times  its  weight  of 
absolute  alcohol,  and  to  the  cold  liquid  the  calculated  quantity 
of  acetacetic  acid  added  and  then  the  halogen  compound,  when 
a  reaction  usually  occurs  spontaneously.  This  is  allowed  to  go 
on  slowly,  but  in  some  cases  it  must  be  aicied  by  heat,  whilst  if 
it  become  too  rapid  the  mixture  will  require  cooling  or  the 
halogen  compound  must  be  added  by  degrees.  The  end  of  the 
reaction  is  easily  indicated  by  the  fact  that  the  solution  no 
longer  renders  red  litmus-paper  blue.  The  larger  quantity  of 
the  alcohol  is  then  distilled  off  on  the  water  bath,  water  is 
added  to  the  residue  and  the  lighter  layer  of  liquid  purified  by 
fractional  distillation.  The  mono-substituted  ether  thus  obtained 
treated  in  the  same  way  yields  a  doubly  substituted  one.  If, 
however,  the  same  alcohol  radical  has  to  be  introduced  twice, 
the  same  quantity  of  sodium  ethylate  solution  is  added  when 
the  reaction  is  over  and  then  the  process  carried  on  as  above 
described.  In  many  cases  two  atoms  of  sodium  may  be  intro- 
duced into  one  molecule  of  ethyl  acetacetate  at  once,  and  then 
two  molecules  of  the  halogen  compound  may  be  added. 

If  the  products  of  decomposition  of  the  ethyl  acetacetate  are 
required  and  not  the  pure  ether  itself,  it  is  simpler  to  remove 
the  larger  quantity  of  alcohol  as  above  described  and  treat  the 
residue  with  alkali.^ 

^  Conrad  and  Limpach,  Ann,  Chcm,  Pharm.  cxcii.  153. 
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"When  ethyl  sodacetacetate  is  treated  with  iodine  the  following 
reaction  takes  place  : 

CH3.CO.CHlN'a.CO.C2H5  CH3.CO.CH.GO2.C2H5 

+  lo  =  I  +  2NaI. 

CH3.CO.CHNa,CO.C2H5  CH3.CO.CH.CO2.C2H, 

The  diacetosuccinic  ether  thus  obtained  is  easily  soluble  in 
ether  and  alcohol,  and  crystallizes  in  rhombic  tables  which 
melt  at  77°/  and  yields  a  series  of  interesting  products  of 
deoomposition,  which  will  be  described  further  on. 

580  Ethyl  Magnesium  Acctacetate,  (CgHg03)2Mg,  is  precipi- 
tated by  mixing  ethyl  acetacetate  with  a  solution  of  magnesium 
sulphate,  ammonia  and  sal-ammoniac.  This  may  be  crystallized 
from  solution  in  hot  benzene  or  ether  in  glistening  laminae 
melting  at  240°. 

In  a  similar  way  the  rose-red  cobalt  compound  and  the  green 
nickel  compound  may  be  obtained.  These  are  also  soluble  in 
hot  benzene,  and  crystallize  from  that  solvent. 

Ethyl  Copper  Acetacetate  (CQHg03)2Gu,  is  formed  Avhen  a  solu- 
tion of  copper  sulphate  in  ammonia  is  shaken  with  ethyl  acet- 
acetate ether.  It  crystallizes  from  hot  benzene  or  alcohol  in 
glistening  green  needles  which  sublime  partially  at  178°,  melt 
at  182°,  and  decompose  at  a  higher  temperature  with  separation 
of  copper. 

Ethyl  A luminmm  Acetacetate,  (CqHqO 3)3A1 ,  se p arate s  out 
when  a  solution  of  potassium  aluminate  is  mixed  with  ethyl 
acetacetate.  Grlistening  needles  are  deposited  in  a  few  hours  and 
these  are  soluble  in  ether  and  benzene.  These  melt  at  76°,  and 
when  gently  heated  in  a  narrow  sloping  tube  can  be  volatilized 
without  decomposition. 

Hence  the  copper  and  aluminium  compounds  belong  to  the 
small  class  of  organo-metallic  bodies  containing  oxygen  which 
can  be  volatilized  without  decomposition.  Amongst  other  com- 
pounds possessing  this  property  we  find  aluminium  ethylate, 
ethyl  lead  hydroxide,  and  ethyl  tin  hydroxide,  &c. 

581  Ethyl  CTt^omce^ace^a^e,  CHg.CO.CHCl.COg.CgHg,  is  formed 
when  sulphuryl  chloride  is  allowed  to  drop  into  ethyl  acetacetate  : 

CH3.CO.CH„.C02.C2H,-h  SO2CI2  =  OH3.CO.CHCI.CO2.G2H,  + 

HCl  +  SOg. 

It  is   a  liquid  boiling  at  193° — 195°,  and  its  vapour  attacks 

^  RUcjheimer,  Ber,  Deutsch.  Cliem,  Ges.  vii.  892. 
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the  eyes.     Alcoholic  potash  decomposes  the  liquid  with  forma- 
tion of  chloracetic  acid.'^     It  also  forms  metallic  compounds.^ 

Ethyl  Dicliloracetacetate,  GHg.CO.CCL.COg.CgHg,  is  obtained 
by  acting  with  chlorine  on  ethyl  acetacetate,^  as  well  as  by 
treating  it  with  an  excess  of  sulphnryl  chloride.  It  is  a  liquid 
boiling  at  205°' — 207°  and  having  a  faint  ethereal  smell,  but 
the  vapours  excite  a  flow  of  tears.  When  heated  with  dilute 
hydrochloric  acid  to  170° — 180''  it  decomposes  into  carbon  di- 
oxide, alcohol,  and  unsymmetrical  dichloracetone,  CII3.CO.CHCI2, 
whilst  potash  decomposes  it  into  acetic  acid  and  dichloracetic 
acid. 

Ethyl  Nitroso-acetacetate,  CH3.CO.CII(NO).C02.C2H5,  is  formed 
when  ethyl  acetacetate  is  dissolved  in  dilute  caustic  potash  and  a 
quantity  of  potassium  nitrite  equivalent  to  the  potash  used 
added,  the  mixture  kept  cold  and  acidified  with  dilute  sulphuric 
acid,  then  made  alkaline  and  the  yellow  solution  shaken  up 
with  ether.  The  compound  crystallizes  from  chloroform  in 
colourless  glistening  hard  prisms  and  dissolves  in  alkalis  with  a 
yellow  colour.  It  melts  at  52° — 54°,  and  does  not  yield  Lieber- 
mann's  reaction  with  phenol  and  sulphuric  acid  (Part  I.  p.  421) 
but  gives  an  intense  red  colouration.  Its  aqueous  solution  has 
an  acid  reaction.* 

582  Ethyl  Amido-acetacetate,  CfjH^^NOg,  is  a  compound  ob- 
tained by  passing  dry  ammonia  into  well-cooled  ethyl  acetacetate. 
It  is  soluble  in  all  proportions  in  alcohol  and  ether,  and  crystal- 
lizes in  short,  thick,  monoclinic  prisms,  which  melt  readily.  They 
are  not  soluble  in  water,  but  are  soon  converted  in  contact  with 
it  into  a  heavy  liquid  which  solidifies  at  2° — 4°.  ^  This  body 
probably  has  the  double  molecular  weight,  and  stands  to  ethyl 
acetacetate  in  the  same  relation  as  diacetonamine  stands  to 
acetone  (Part  I.  p.  574). 

Ethyl  TJiiocarhacetacetaie,  CH3.CO.C(CS).C02.C2H5,  is  formed 
when  ethyl  acetacetate  is  heated  with  carbon  disulphide  and  lead 
oxide  or  zinc  oxide  to  100°.  It  crystallizes  from  hot  alcohol  in 
small  straw-coloured  needles  melting  at  about  160°. 

ThioTitfic  Acid,  G^oH^^SgO^.  The  sodium  salt  of  this  acid  is 
produced  when  the  product  of  the  action  of  sodium  on  ethyl 
acetate  is  treated  with  carbon  disulphide  and  washed  with  water. 
It  forms  brick -red  coloured  needles,  and  the  free  acid  obtained 

^  Allihn,  Ber.  Deutsch.  Chcm.  Ges.  xi.  5G7.  ^  75^  xii.  1298. 

^  Coiirad,  Liehig's  Ann.  clxxxvi.  232. 

^  Meyer  and  Zublin,  -Ber.  Deutsch.  Chem.  Ges.  xl  320. 

5  Piecht,  ib.  xi.  1193. 
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from  these  by  the  action  of  hydrochloric  acid  crystallizes  in 
orange-red  glistening  scales.  Its  formation  takes  place  in  two 
stages : 

(1)  CH3.CO.CHNa.CO2.C2H5  +  CS2  = 
CH3.CO.CH(CS2Na)C02.C2H5. 

The  sodium  xanthate  (Part  I.  p.  389)  which  is  formed  at 
the  same  time,  acts  at  once  upon  the  compound  which  is  thus 
produced  ^ : 

(2)  CH3.CO.CH(CS2Na)C02.C2H5  =  CS<^^^^jj  = 

/CS.SNa  ^    ^ 

CH3.CO.C-CS.OC2H5  +  NSH. 
\CO.OC2H5 

Sodium  acts  upon  other  ethereal  acetates  as  it  does  upon  com- 
mon ethyl  acetate.  The  following  ethereal  salts  of  acetacetic 
acid  have  been  prepared  : 


B.P. 

Sp.  Gr. 

At 

2  Methyl  ether,     Cfifi,.GB.^ 

169-170° 

1037 

9° 

3  Isobutyl  ether,    C.H^Og.C.Hg 

202-206° 

0-979 

0" 

*  Amyl  ether,        C.H.Og.C^Hi, 

223° 

0-945 

10° 

Methyl  acetacetate  is  coloured  a  dark  cherry  red  by  ferric 
chloride  ;  the  others  do  not  assume  this  colouration.  They  form 
metallic  compounds,  and  may  be  distilled  with  slight  decom- 
position when  some  hydracetic  acid  is  formed,  the  alcohol  radical 
not  taking  part  in  the  reaction  (Emmerling  and  Oppenheim). 

1  Norton  and  Oppenheim,  Ber,  Deutsch,  Chem.  Ges.  x.  701. 

2  Brandes,  ZeitscK  Chem.  1668,  454. 

"  Emmerling  and  Oppenheim,  Ben  Deuisch,  Chem,  Ges.  ii.  1097. 
*  Conrad,  Ann.  Chem.  Pharm.  clxxxvi.  228. 
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SUCCINIC  ACID,  C2H,(C02H)2. 

583  In  his  work,  De  Nahtra  Fossilium,  published  in  1550, 
Agricola  states  that  on  the  distillation  of  amber,  which  he  considers 
to  be  an  earthy  resin,  a  saline  substance  is  formed  together  with 
other  bodies.  Libavius,  in  his  Alchymia  (1595),  also  mentions 
this  body  : — ''  Flos  suecini :  mistis  silicihus,  spirituhtisque  Mtmidis 
ahstractis  flos  elevatur!'  ^  In  the  same  place  he  also  (describes  a 
preparation  of  amber  oil.  He  says : — "  Sttvimi  alembic  sal  cn/s- 
toUi  instar  adhaeretr 

The  early  accounts  respecting  the  salts  of  amber,  or  flowers 
of  amber  as  it  was  called,  were,  however,  very  contradictory. 
Obtained  from  amber  by  means  of  heat,  it  was  believed  to  be  a 
volatile  lye-salt ;  others  considered  it  to  be  a  body  composed 
chiefly  of  sulphur.  Lemery  was  the  first  to  indicate  its  true 
nature.  In  his  Coitrs  de  Chimie  (1679),  he  says  ^ :  "  J' ay  reconnu 
que  ce  sel  etoit  acide,  et  semblahle  d  cehcy  des  plantes,  qiCon  appelle 
essentieL"  Other  chemists  also  indicated  the  acid  nature  of  this 
body,  but  the  idea  that  it  was  a  substance  similar  to  the 
vegetable  acids  was  rejected  by  many,  and  it  was  believed  to 
contain  either  sulphuric  acid  or  hydrochloric  acid.  Some  held, 
according  to  Pott,  that  the  acid  of  amber-salt  is  nitric  acid,  but 
he  showed  ^  that  this  view  is  incorrect,  and  that  succinic  acid  is 
a  peculiar  substance  which  most  closely  resembles  the  vegetable 
acids.  This  was  confirmed  by  Stockar  von  Neuforn's  careful 
investigation,  Bissertatio  de  Succino,  published  in  1760,  and 
from  this  time  forward  succinic  acid  was  considered  as  one  of 
the  proximate  constituents  of  amber,  and  Bergmann,  in  1782, 
in  his  Sciagraphia,  defined  it  as  petroleum  acido  suecini  adaman- 
tum.     Its  composition  was  first  ascertained  by  Berzelius. 

Succinic  acid  is  found  in  certain  lignites  and  fossil  wood,  as 
well  as  in  amber,  and  it  also  frequently  occurs  in  the  vegetable 

^  Lib,  ii.  tract,  ii.  cap.  xl.  2  p^  4^0^ 

3  Proceedings  of  the  Berlin  Academy ^  1753. 
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tingdom.  Its  existence  has  been  proved  in  the  lettuce  {Laduca 
sativa,  and  L.  mrosa),  as  well  as  in  wormwood  {Artemisia  ahsin- 
thium)y  and  in  the  flowers  of  A.  maritima,  and  other  worm- 
woods. It  is  also  found  in  the  poppy  (Papaver  sornniferum),  in 
the  celandine  (Chelidonium  majus),  in  EschoUzia  californica, 
and  probably  also  in  other  papavers.  Its  occurrence  in  unripe 
grapes,^  whilst  dioxysuccinic  acid  or  tartaric  acid  is  contained 
in  the  ripe  fruit,  is  remarkable.  Succinic  acid  is  also  found 
in  the  animal  kingdom,  frequently  occurring  in  urine  and 
in  blood.  It  is  also  found  in  the  sacs  of  echinococci  (hydratids), 
in  the  thymoid  gland  of  the  calf,  as  well  as  in  the  spleen  of 
the  ox. 

584  Succinic  acid  is  also  a  product  of  several  kinds  of  fermen- 
tations. Beissenhirtz  long  ago  stated  that  it  is  formed  when  a 
mixture  of  bread,  honey,  carob  beans,  vinegar,  -alcohol,  and 
water  is  allowed  to  undergo  the  acetic  fermentation.  ^  The 
truth  of  this  statement  has  since  been  frequently  denied,  but 
Dessaignes  found  that  many  organic  acids  in  the  presence  of 
chalk  and  cheese  undergo  a  fermentation  in  which  succinic  acid 
is  formed.^  It  likewise  occurs  in  urine  collected  after  eating 
plants  containing  compounds,  such  as  asparagine,  malic  acid,  &c. 

It  is  to  Pasteur,  however,  that  we  owe  the  discovery  that  suc- 
cinic acid  is  an  essential  product  of  both  alcoholic  and  acetic 
fermentations,  and  that  it  is  contained  in  wine,  beer,  and  vinegar. 

Succinic  acid  is  also  formed  when  nitric  acid  acts  upon  such 
bodies  as  the  fatty  acids  containing  four  or  more  atoms  of  carbon. 
Butyric  acid  *  yields,  however,  but  little,  and  is  chiefly  oxidized 
to  water  and  carbon  dioxide.  Caproic  acid,  on  the  other  hand, 
gives  a  larger  yield,  acetic  acid  being  formed  at  the  saxne  time, 
about  half  the  theoretical  quantity  being  obtained.^  The  higher 
fatty  acids  and  the  fats  give  homologues  of  siiccinic  acid,  and 
these  then  undergo  further  oxidation.  Other  derivatives  of  the 
paraffins  and,  indeed,  these  themselves,^  are  oxidized  by  nitric 
acid,  with  formation  of  succinic  acid. 

Succinic  acid  was  first  synthetically  prepared  by  Maxwell 
Simpson,"^  from  ethylene,  by  heating  the  bromide  with  potassium 
cyanide,  when  succinonitril,  C2H^(CN)2,  is  produced,  and  this 
yields  the  acid  when  heated  with  a  mineral  acid  or  with  caustic 

^  Brunner  and  Brandenburg,  Ber,  Deutsch.  Chcm.  Ges,  ix.  9S2, 

2  Berlin,  Jahrh.  1818,  158.  ^  ^^,j,  ckim.  Phys.  [3],  xxv.  253. 

*  Dessaignes,  Compt.  Reiid.  xxx.  350. 

5  Erlenmeyer,  Sigel,  and  Belli,  Ann.  Chem.  Pharm.    clxxx.  207. 

«  Schorlemmer,  ih.  cxlvii.  214.  ^  Proe.  Moy.  Soc,  x.  574. 
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potash.  Geuther^  obtained  it  at  the  same  time,  and  by  a 
similar  method,  from  ethylene  chloride.  It  is  singular  that 
succinic  acid  can  also  be  prepared' when,  instead  of  the  latter  com- 
pound, its  isomeride  ethidene  chloride,  CHg.CHClg,  is  employed.^ 
In  this  case,  however,  the  formation  of  the  nitril  does  not 
occur  until  the  temperature  of  150°  is  reached,  and  hence  we 
may  assume  that  chlorethylene  and  hydrocyanic  acid  are  first 
formed,  and  these  unite  in  the  nascent  state  to  form  chlor- 
ethylene cyanide,  CHgCl.CHg.CN,  which  is  converted  into 
succinonitril  by  the  potassium  cyanide. 

Noldecke  obtained  succinic  acid  by  treating  the  product  of 
the  action  of  sodium  on  ethyl  acetate  with  eth37l  chloracetate, 
and  decomposing  the  substance  thus  obtained  by  caustic  soda. 
In  accordance  with  the  views  which  were  then  prevalent  (see  p. 
170),  he  believed  that  the  chloracetate  united  with  the  hypothe- 
tical body  sod  acetic  ether  to  form  ethyl  succinate  which  was 
then  decomposed  by  caustic  soda.^  Later  investigations  have, 
however,  shown  that  the  ethyl  ether  of  acetosuccinic  acid  is 
first  produced,  having  the  following  constitution : 

CH3.CO.CH.CO2.C2H5 

CH2.CO2.C2H5. 

It  is  a  faintly  ethereal  smelling  liquid,  which  is  converted  by 
the  action  of  strong  alkalis  into  acetic  acid,  alcohol,  and  succinic 
acid. 

Succinic  acid  is  also  formed  by  heating  yS-iodopropionic  acid 
with  potassium  cyanide.  The  /3-cyanopropionic  acid  thus 
obtained  is  boiled  with  caustic  potash.*  It  is  likewise  formed, 
though  with  difficulty,  and  in  smaller  quantity^  when  bromacetic 
acid  is  heated  with  molecular  silver.^ 

CO.OH  CO.OH 

I  I 

CHgBr  CHg 

+     2Ag     -      I  +     2AgBr. 

CH^Br  CH, 

I  I 

CO.OH  CO.OH 


^  Ann,  Chem.  Pharm.  cxx.  268. 

^  Simpson,  ih,  cxlv.  373  ;  Comptes  Rend.  Ixv.  351 ;  Miililliaiisen  and  Erlen- 
■meyer,  ib.  cxlv.  365.  3  Ann.  Chem  Fharm,  Gx]ix.  224. 

*  Eichter,  Zeitsch.  Chem.  1868,  449. 
^  Steiner,  Bcr.  VeuUch.  Chem.  Ges,  vii.  184. 


SUCCINIC  ACID.  185 


585  Succinic  acid  is  prepared  by  the  dry  distillation  of 
amber,  when,  in  addition  to  this  body,  amber-oil  and  amber- 
resin  are  obtained,  the  latter  remaining  in  the  retort.  All 
these  products  find  employment  in  the  arts  (see  Amber).  The 
acid  is  found  in  the  distillate,  partly  in  the  solid  form,  and 
partly  in  aqueous  solution.  The  distillate  is  warmed,  filtered 
hot  through  a  moist  filter,  and  evaporated  to  crystallization. 
On  cooling,  a  yellow-coloured  crystalhne  mass  is  obtained  which 
cannot  be  perfectly  freed  from  empyreumatic  oil  by  recrystalli- 
zation.  This,  however,  may  be  effected  by  boiling  with  nitric 
acid  of  specific  gravity  1*32. 

Succinic  acid  is  also  easily  prepared  by  the  fermentation  of 
crude  calcium  malate  prepared  from  the  berries  of  the  mountain- 
ash  (p.  198).  According  to  Liebig,  4  parts  of  the  malate  are 
mixed  with  24  parts  of  water  and  1  part  of  common  yeast,  and 
the  mixture  allowed  to  ferment  in  a  tolerably  warm  place. 
Another  process  is  to  take  only  half  the  above  quantity  of 
water,  to  heat  it,  and  to  add  y\  part  of  rancid  cheese  to  1  part 
of  calcium  salt.^  According  to  Kohl,  the  yield  depends  upon 
the  nature  and  quantity  of  the  ferment,  as  well  as  on  the  temper- 
ature at  which  the  fermentation  takes  place.^  If  this  goes  on 
too  quickly,  and  if  the  temperature  rise  above  8.0°,  either  a 
small  or  no  yield  of  succioic  acid  is  obtained,  butyric  acid  and 
other  products  being  formed.  This  is  due  to  the  presence  of 
foreign  ferments,  for  it  has  been  shown  by  Fitz,  that  if  small 
rod-like  schizomycetes  be  added  in  place  of  yeast  or  decom- 
posing cheese,  the  theoretical  yield  of  acetic  and  succinic 
acids  is  obtained  .^ 

Malic  acid  is  oxysuccinic  acid,  and  is  decomposed  by  the 
Bacillus  as  follows : 

C.HgO^  +  H2O  =  C^H.Og  +  2CO2  +  2H2, 

whilst  the  hydrogen  which  is   liberated  reduces    another   part 
of  the  malic  acid  to  succinic  acid : 

C,H,0,  +  H^  =  C,HA  +  H,0. 

Succinic  acid  may  also  be  prepared  by  the  fermentation  of 
tartaric  acid.  The  best  yield  (about  25  per  cent,  of  the  tartaric 
acid  used)  is  obtained  as  follows.  A  solution  of  2  kg.  of  tartaric 
acid  is  neutralized  with  ammonia  and  diluted  to  40  liters,  and 

1  Ann.  Chem.  Fharm.  Ixx.  104  and  363. 

2  Arch.  Pharm,  cxxxiv.  257  ;  cxliii.  12. 

3  Ber.  Dmtsch,  Chem.  Ges.  xi.  1890  ;  xii.  481. 
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20  grams  of  potassium  phosphate,  10  grams  of  magnesium  sul- 
phate, and  a  few  grams  of  calcium  chloride  added.  A  small, 
quantity  of  this  liquid  is  diluted  to  Hye  times  its  volume,  and 
allowed  to  stand.  After  a  few  days  this  becomes  turbid  and 
swarms  with  bacteria,  and  about  20  cc.  of  it  are  added  to  the 
principal  solution,  and  this  kept  at  a  temperature  between  25° 
and  30°,  air  being  excluded  as  much  as  possible.  After  six  to 
eight  weeks  the  tartaric  acid  has  disappeared.  The  liquid  is 
heated  until  the  ammonium  carbonate  formed  has  all  volatilized, 
clarified  with  white  of  egg,  and  boiled  with  milk  of  lime  until 
no  more  ammonia  is  given  off.^ 

The  acid  is  obtained  from  the  slightly  soluble  calcium  salt  by 
decomposing  with  sulphuric  acid.  It  crystallizes  in  monoclinic 
tables  or  prisms,  which  have  a  faintly  acid  taste,  are  soluble  in 
17  parts  of  water  at  17°,  and  O'SS  part  at  100°,  and  melt  at  180°. 
The  fused  acid  begins  to  boil  at  235°,  decomposing  to  a  con- 
siderable extent  into  water  and  the  anhydride.  Succinic  acid  is 
a  very  stable  body,  being  but  slightly  acted  on  by  oxidizing  agents 
even  when  heated.  Its  aqueous  solution,  when  exposed  to 
sunlight  in  presence  of  a  uranic  salt  decomposes  into  propionic 
acid  and  carbon  dioxide.^  When  an  aqueous  solution  of  sodium 
succinate  is  electrolyzed,  hydrogen  is  obtained  at  the  negative-, 
and  a  mixture  of  carbon  dioxide  and  ethylene  at  the  positive- 
pole.  Oxygen  is  also  found  mixed  with  the  two  latter  gases,  and 
as  the  operation  proceeds,  more  and  more  of  this  gas  is  formed 
until  at  last  it  alone  is  evolved.^ 

The  Succinates. 

586  The  normal  salts  of  the  alkali  metals  and  of  magnesium, 
manganese,  and  nickel  are  easily  soluble  in  water,  those  of  the 
other  metals  are  almost  all  sparingly  soluble  or  insoluble.  Of 
these,  which  have  been  chiefly  investigated  by  Dopping,* 
Fehling,^  and  Handl,^  the  following  may  be  mentioned : 

Ammonium  Succinate,  C^Rfi^(NH^^,  can  only  be  obtained  in 
the  pure  state  when  its  aqueous  solution  is  evaporated  in  an 
atmosphere  of  ammonia.  It  is  deposited  in  transparent  six-sided 
prisms,  which  lose  ammonia  on  exposure  to  air.     It  is  employed 

^  Konig,  Ber.  Deutsch.  Chem,  Ges.  xv.  172. 

^  Seekamp,  Ann.  Chem.  Pharm.  cxxxiii.  253. 

'■'  Kekule,  ib.  cxxxi.  79.     See  also  Bourgoin,  Ann.  Chim.  Phys.  [4],  xiv.  167. 

■*  Ann.  Chem.  Pharm.  xlvii.  253.  ^  Ih.  xlix.  158. 

^   Wicn.  Akad,  Ber.  xxxii.  254. 
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in  quantitative  analysis  for  the  separation  of  iron  and  man- 
ganese, and  has  been  used  medicinally. 

If  a  neutral  solution  of  the  salt  be  evaporated  in  the  air, 
when  a  certain  concentration  is  reached  triclinia  prisms  are 
obtained,  which  consist  of  the  acid  ammonium  succinate, 
C,H,0,(NHJH. 

Calcium  Succinate,  C^H^O^Ca,  is  a  very  characteristic  salt  of 
succinic  acid.  If  boiling  solutions  of  sodium  succinate  and 
calcium  chloride  be  mixed,  fine  needles  of  this  salt  quickly 
separate  out,  containing  one  molecule  of  water  of  crystallization, 
and  if  they  are  allowed  to  remain  in  contact  with  the  liquid  they 
take  up  two  molecules  more  of  water.  This  latter  compound  is 
also  obtained  when  the  above  solutions  are  mixed  in  the  cold. 
After  some  time,  needles,  which  gradually  become  thicker  and 
harder,  are  deposited.  Calcium  succinate  occurs  in  the  bark 
of  the  mulberry  tree  {Morus  alba) ;  ^  it  is  slightly  soluble  in 
water  and  acetic  acid,  more  readily  in  a  solution  of  succinic 
acid,  and  very  easily  in  nitric  acid.  From  the  latter  solution 
the  acid  salt,  (C^^H^OJgCaHg,  is  obtained  on  evaporation.  This 
is  also  formed  when  calcium  carbonate  is  treated  with  a  warm 
solution  of  succinic  acid.  It  crystallizes  in  transparent  prisms 
and  is  decomposed  by  water  and  hot  alcohol  with  formation  of 
the  normal  salt. 

Barium  Succinate,  C^fifio.,  is  less  soluble  than  the  calcium 
salt.  It  is  a  crystalline  precipitate  consisting  of  microscopic 
tables  or  prisms.  It  dissolves  in  about  250  parts  of  cold  water 
and  is  not  much  more  soluble  in  aqueous  succinic  acid,  though 
it  is  tolerably  soluble  in  acetic  acid. 

Silver  Succinate,  C^H^O^Agg,  is  a  heavy  wbite  precipitate 
slightly  soluble  in  water  and  acetic  acid,  but  easily  soluble  in 
nitric  acid  and  ammonia. 

Ferric  Stcccinate,  When  ferric  chloride  is  added  to  a  solution 
of  a  succinate  a  gelatinous  precipitate  is  obtained,  which  is  at 
first  yellow  and  becomes  darker  on  standing.  This  consists  of 
the  basic  salt,  (041140^2^62(^-^)2*  -^fter  drying  it  forms  a 
brick-red  powder  and  when  dried  at  180°  loses  one  molecule  of 
water.  The  precipitate  is  somewhat  soluble  in  cold  water  and 
almost  insoluble  in  boiling  water,^  but  dissolves  in  an  excess  of 
ferric  chloride  and  easily  in  acids.  At  its  formation  free  succinic 
acid  is  produced,  and  for  this  reason,  when  it  is  desired  to  preci- 

'  Goldschmidt,  Monatsli.  Chcm.  iii.  136. 
2  S.  Younix,  Journ.  Clum.  Soc.  1880,  i.  674, 
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pitate  it  completely  from  its  solution,  an  excess  of  ferric  chloride 
must  be  added  and  the  liquid  neutralized  by  ammonia.  This 
compound  is  easily  decomposed  by  boiling  with  ammonia. 

If  a  solution  of  a  succinate  contains  sodium  acetate,  ferric 
chloride  produces  a  bright  red  precipitate,  which  can  be  easily 
washed  by  alcohol,  but  becomes  gelatinous  when  brought  in 
contact  with  water. 

Ammonia  decomposes  these  precipitates.  If  the  filtrate  be 
then  treated  with  barium  chloride,  and  alcohol  added,  a  crystal- 
line precipitate  of  barium  succinate  is  obtained.  These  reactions 
are  used  for  the  detection  of  succinic  acid  and  its  separation 
from  other  acids. 


ETHEREAL  SALTS  OF  SUCCINIC  ACID. 

587  With  the  exception  of  the  ethyl  salts,  the  normal  succi- 
nates are  alone  known. 

Methyl  Sttccinate,  C^Ilfi^{GIl.^)2,  is  obtained  by  passing 
hydrochloric  acid  gas  into  a  warm  solution  of  succinic  acid  in 
methyl  alcohol.  It  is  a  crystalline  mass  melting  at  20°  and 
boiling  at  198°,  and  yields  a  vapour  having  a  specific  gravity 
of  5-29. 

Acid  Mhyl  Succinate,  or  Ethyl  Succinic  Acid,  C2H4(C02C2H5) 
CO2H,  is  formed  by  heating  succinic  anhydride  with  alcohol, 
and  its  barium  salt  is  obtained  when  the  normal  ether  is  heated 
with  the  requisite  quantity,  of  baryta  water.  The  free  acid 
obtained  from  this  is  an  easily  soluble  odourless  syrup,  which 
can  be  distilled  without' undergoing  decomposition. 

Most  of  the  ethyl  succinates  are  soluble  in  water  and  alcohol. 
A  few  crystallize  and  others  form  amorphous  masses.^ 

Normal  Ethyl  Succioiatc,  ^^^{GO^C^YL^^.  This  body  was 
first  prepared  in  1835,  by  Darcet,  by  distilling  a  mixture  of 
concentrated  hydrochloric  acid,  succinic  acid  and  alcohol.^ 

Cahours  prepared  this  ether  by  passing  hydrochloric  acid  gas 
into  a  solution  of  succinic  anhydride  in  absolute  alcohol,^  and 
Fehling  obtained  it  by  passing  hydrochloric  acid  into  95  percent. 
alcohol  containing  succinic  acid  in  solution  and  suspension.^ 

It  is  an  oily  mobile  liquid  having  an  aromatic  smell  and  a 

^  Heintz,  Poqg.  Ann.  cviii.  70.  =  ^,^^^  qj^^^^  -p-^y^^  ^^^   2^-_  291. 

3  lb,  [3],  ix.  206.  *»  Ann.  Chem.  Pharm.  xlix.  186. 
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specific  gravity  of  1072.      It  boils  at  217°  (Kopp),   and  the 
specific  gravity  of  its  vapour  is  6'2. 

As  early  as  1844  Fehling  investigated  the  action  of  potassium 
on  this  ether,  and  obtained  an  oily  liquid  having  the  empirical 
formula,  CgHgOg.  This  body  when  boiled  with  caustic  potash 
yielded  alcohol  and  succinic  acid.  Geuther  suggested  that  this 
substance  stands  in  the  same  relation  to  ethyl  succinate  as  his 
ethyl  diacetic  acid  does  to  ethyl  acetate,  and  the  truth  of  the 
hypothesis  was  shown  by  Hermann,^  who  proved  this  ethyl 
succinyUsitcGinate  to  have  the  following  constitution  : 

CH2.CO.CH.CO2.C2H5 

CH^.CO.CH.CO^^CsHs. 

In  order  to  prepare  this  body,  potassium  is  gradually  added  to 
ethyl  succinate,  when  a  violent  evolution  of  hydrogen  occurs,  and  a 
reddish-brown  gummy  mass  remains.  This  is  then  treated  with 
2  to  3  times  its  volume  of  benzene  and  more  potassium  added 
until  1  part  of  the  metal  has  been  employed  to  every  6  parts  of 
the  ether.  The  product  having  been  freed  from  benzene  as 
completely  as  possible  by  means  of  the  filter-pump,  it  is  decom- 
posed with  very  dilute  hydochloric  acid,  and  the  buttery  mass 
thus  obtained  pressed  between  filter-paper,  washed  with  cold 
alcohol,  and  recrystallized  from  hot  alcohol,  then  again  washed 
with  water  and  crystallized  from  ether. 

Sodium  acts  similarly  on  ethyl  succinate  but  less  energetically 
and  much  more  slowly  than  potassium,  but  may  nevertheless  be 
used  for  the  preparation  of  the  ether.^ 

Ethyl  succinyl-succinate  forms  triclinic  tables  or  prisms,  having 
a  light  green  colour,  and  when  dissolved  in  alcohol,  ether,  or 
benzene,  gives  a  solution  possessing  a  splendid  blue  fluorescence. 
The  crystals  melt  at  127°.  Alcoholic  potash  produces  in  an  alco- 
holic solution  of  this  body,  a  white  precipitate  of  the  compound, 
CjgHigKOg,  which  yields  with  an  excess  of  potash  a  splendid 
orange  coloured  compound,  having  the  composition  CigH^^KgOg, 
the  aqueous  solution  of  which  has  a  yellow  colour.  This  solution 
easily  decomposes,  but  when  freshly  prepared  yields  with  mag- 
nesium salts  a  purple  coloured  precipitate  of  the  composition 
CigH^^MgOg  +  2H2O,  a  body  which  at  80'  loses  water  and  be- 
comes yellow.     The  disodium  compound,  Ci2-^u-^^2^q  +  '^-^2^? 

1  Ber,  Deutsch.  Oh^m.  Ges.  viii.  1039  ;  x.  107  and  646. 

2  Hermann,  Lieh.  Ann.  ccxi.  306.. 
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is  deposited  in  fine  red  microscopic  needles;  the  calcium  salt, 
G^^H^fi^Q  +  HgO,  is  obtained  as  a  yelJow  precipitate. 

The  yellow  potash  solution  soon  decomposes  out  of  contact 
with  the  air,  forming  of  the  monethyl  ether : 

CH2.CO.CH.COOH 

I  I. 

CH2.CO.CH.COOC2H,. 

This  compound  is  very  difficultly  soluble  in  water  and  forms 
a  greyish  white  powder,  having  a  slight  acid  reaction.  It  melts 
at  98°  forming  carbon  dioxide  and  the  ethyl  ether  of  succinyl 
propionic  acid,  which  has  the  fo^llowing  composition : 

CH,.CO.CH, 

II 
CH,.CO.CH.CO.O.C2H5. 

This  is  an  oily  liquid  having  a  bitter  taste  and  giving  a 
violet  colour  with  ferric  chloride.  In  presence  of  air,  the 
alkaline  solution  undergoes  other  changes,  and  bodies  belonging 
to  the  aromatic  series  are  formed,  such,  for  example,  as  hydro- 
quinone-dicarboxylic  acid,  CgIl2(OH)2(C02H)2. 

Acid     Ethylene      Suceinate,     or     Ethylene    Succinic     Acid, 

C.2HA  qVt    ■   2    4-       2    ^  ig  formed  by  heating  ethylene  glycol 

with  succinic  acid.  It  is  a  colourless  liquid  which  at  300°  loses 
water,  forming  ethylene  succinate,  C2H^(G02)2C2H^.  This  body 
is  soluble  in  water  and  is  deposited  from  hot  alcohol  in  small 
crystals  which  melt  at  90°.^ 

Ethyl  Lacto-succinate,  CgH^C^p^.^    25  ,  is  formed 

when  an  alcoholic  solution  of  potassium  ethyl  succinate  is  heated 
with  ethyl  a-chlorpropionate.  It  is  an  oily  liquid,  having  at  0° 
a  specific  gravity  of  1*119,  and  boiling  at  280°.  It  is  decom- 
posed by  caustic  potash  into  alcohol,  succinic  acid,  and  lactic 
acid.^ 

Echyl  Buecino-laetate,  ^-J^^(^^^^^l^^^'^^^^  is  fo™ed 

by  the  action  of  succinyl  chloride  on  ethyl  lactate,  and  is  an 
oily  liquid  which  boils  with  slight  decomposition  at  300° 
—304°. 

^  Louren^o,  Ann.  Chcm.  Phann.  cxv.  358. 

2  Friedel  aud  AVurtz,  Ann.  Chim.  Phys.  [3],  Ixiii.  120. 

^  "Wislicenus,  Ann.  Ghon.  Pharm.  cxxxiii.  262. 
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588  SucdnylOxide,oT  Siiccimc  Anhydride,  (011.2.00)  fi.  It  has 
already  been  stated  that  succinic  acid  decomposes  on  distillation 
into  this  compound  and  water.  The  products,  however,  again 
partially  unite  on  cooling.  The  addition  of  phosphorus  pent- 
oxide  prevents  this  reunion.^'  It  is  also  formed  by  heating  the 
acid  "with  phosphorus  pentachloride  in  the  proportion  of  equal 
molecules  :  ^ 

CH2.CO.OH  CH2.C0\ 

I  +  PCI,  =   1  0  +  2HCI  +  POCI3. 

CH^.CO.OH  '      CHg.CO/ 

It  is,  however,  most  easily  obtained  by  distilling  equal  mole- 
cules of  succinic  acid  and  succinyl  chloride.^  It  crystallizes 
from  hot  alcohol  in  long  needles,  melting  at  118°  and  boiling 
at  250°. 

Succinyl  Chloride,  C2H4(C0C1)2,  is  formed  when  siiccinic  acid  is 
heated  with  2  molecules  of  phosphorus  pentachloride  (Gerhardt 
and  Chiozza).  It  is  a  highly  refracting  liquid  and  possesses  a 
penetrating  odour.  It  boils  at  190°  with  slight  decomposition  and 
solidifies  at  0°  to  tabular  crystals.     Its  specific  gravity  is  1'39. 

By  the  action  of  zinc  ethyl  on  succinyl  chloride  diethyl  succinyl 
or  diethyl  ethylene  ketone,  C2H^(CO.C2H5)2,  is  produced.  This  is 
a  liquid  insoluble  in  water,  which  forms  crystalline  compounds 
with  the  sulphites  of  the  alkaline  metals  and  is  decomposed  by 
heat.^ 


SULPHUR  COMPOUNDS  OF  SUCCINYL. 

589  Thios'uccinic  Acid,  C2H4(CO.SH)2.  This  substance  is  not 
known  in  the  free  state,  but  its  potassium  compound  is  formed 
when  phenyl  succinate,  a  body  which  will  be  described  under 
Benzene,  is  warmed  with  an  alcoholic  solution  of  potassium 
hydrosulphide : 

GA  {  gg:gg:i;  +  2HSK  =  C A  {  ggll  +  2H0.CA. 

It  is  very  soluble  in  water  and  crystallizes  in  white  needles. 
Hydrochloric  acid  decomposes  it  with  evolution  of  sulphuretted 

1  Darcet,  Ann.  Chim.  Phys.  [2],  Iviii.  2S2. 

2  Gerhardt  and  Chiozza,  Ann,  Ohem.  Pharm.  Ixxxvii.  290. 

3  Moller,  Joum.  Prakt.  Chem.  [2],  xxii.  193. 
""  "Wischin,  Ann.  Chem.  Pharm.  cxliii.  262. 
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Ixydrogeu  and  formation  of  succinyl  sulphide,  03114(00)28,  a 
body  crystallizing  in  a  radiating  cr)^stalline  mass,  soluble  in 
water  and  alcohol,  having  an  acid  reaction,  and  melting  at  31°. 
Its  solution  gives  precipitates  with  many  metallic  salts> 

Sul2)honO'S%Lcdnic  Add,  C^^{^0^^){CO^K).^.  This  strong 
tribasic  acid  was  obtained  by  Fehling  ^  by  passing  the  vapour  of 
sulphur  trioxide  over  succinic  acid.  He  termed  it  sttceino- 
sulphurous  add,  a  name  which  was  afterwards  changed  to  succino- 
sulphuric  acid.  The  product  of  the  reaction  is  a  brown  tenacious 
mass.  This  is  warmed  for  some  time  to  40° — 50°  and  then 
diluted  with  water,  when  on  the  addition  of  barium  carbonate 
or  white-lead  the  excess  of  sulphuric  acid  is  removed,  and  the 
filtrate  allowed  to  evaporate  in  a  vacuum.-  The  syrupy  liquid 
which  remains  slowly  deposits  warty  crystals,  which  contain 
2  molecules  of  water  and  absorb  moisture  from  the  air. 

By  the  action  of  succinyl  choride  on  silver  sulphate  Oarius 
and  Kammerer  obtained  a  compound  which  on  decomposition 
with  water  yielded  succino-sulphuric  acid,  a  compound  which 
they  believed  to  be  isomeric,  with  sulphono-succinic  acid.^  The 
two  bodies  are,  however,  doubtless  identical. 


NITROGEN    COMPOUNDS  OF  SUCCINYL. 

590  Sucdnamide,  C2H4(OO.Nn2)2,  is  formed  when  ethyl  suc- 
cinate is  shaken  up  in  contact  with  aqueous  or  alcoholic  am- 
monia. Orystalline  needles  soon  separate  out.  These  are 
soluble  at  19°  in  220,  and  at  100°  in  "9  parts  of  water,  and 
are  almost  insoluble  in  absolute  alcohol  and  ether.  This 
compound  decomposes  when  melted.* 

Sucdnimide,  C^^{QO)^^.  This  body  was  obtained  by 
Darcet  by  the  action  of  ammonia  on  succinic  anhydride,  and 
was  termed  sucinamide.s  Fehling  found  later  on  that  it  is  also 
formed  when  ammonia  is  passed  over  fused  succinic  acid  or  when 
normal  ammonium  succinate  or  succinamide  is  heated  to  200°, 
and  he  termed  it  bisuccinamide.  It  is  also  formed,  together  with 
platinum  ammonium  chloride,  when  an  aqueous  solution  of  succi- 
namide is  heated  with  platinic  chloride.^     Its  present  name  was 

^  "Weselsty,  Ber.  Deutsch.  Clicm.  Ges.  ii.  518. 

*  Ann.  Chcm.  Pharm.  xxxviii.  285.  3  7^   cxxxi.  167. 

4  Fehling,  ib.  xlix.  196.  ^  ^^^^  ^'ArHi.  Phys.  [2],  Iviii.  294. 

®  Ann.  Chem.  Pharm.  xlix.  198, 
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given  to  it  by  Laurent  and  Gerhardt  who  subjected  it  to  further 
examination.-'-  It  is  tolerably  soluble  in  water  and  crystallizes  in 
transparent  rhombohedrons  or  tables  which  contain  one  molecule 
of  water  and  efiBoresce  on  exposure  to  air.  At  100°  it  becomse 
anhydrous  and  then  melts  at  125° — 126°.^  When  the  anhydrous 
compound  is  dissolved  in  acetone  and  this  allowed  to  evaporate 
transparent  rhombic  pyramids  are  obtained  which  are  permanent 
in  the  air.^  It  boils  without  decomposition  at  288°,  but 
on  heating  with  alcoholic  ammonia  it  is  converted  into 
succinamide  : 

CH..CO  CHg.GO.NH^. 

I     ^       ^NH     +     INH3     =      I 

CHg-CO^  CH2.CO.NH2. 

Succinimide  has  an  acid  reaction  and  contains  one  hydrogen 
atom  which  can  be  replaced  by  certain  metals. 

Siher  Succinimide,  C2H^(CO).2NAg.  Siver  oxide  is  dissolved 
in  aqueous  succinimide  solution  and  the  hot  filtrate  deposits 
colourless  crystals  having  the  composition  2C4H402NAg+H20 
and  considered  by  Laurent  and  Gerhardt  to  be  silver  succinamate. 
They  lose  water  at  100°.  The  anhydrous  compound  is  also 
formed  when  ammonia  and  silver  nitrate  are  allowed  to  act  on 
an  alcoholic  solution  of  the  imide.  It  crystallizes  in  prisms  and 
detonates  on  heating  whilst  the  hydrated  compound  decomposes 
quietly.  When  added  to  a  solution  of  iodine  in  absolute  alcohol 
iodo-succinimide,  C2H^(CO)2NI,  is  formed,  a  body  crystallizing 
in  hard  quadratic  prisms,  easily  soluble  in  water,  less  so  in 
alcohol,  and  decomposes  readily  in  solution  (Bunge). 

Mercury  Succinimide,  [C2H^(CO)2N]2Hg,  is  formed  by  dissolv- 
ing mercuric  oxide  in  hot  aqueous  succinimide.  It  is  very 
soluble  in  water,  somewhat  less  so  in  alcohol,  and  crystalUzes  in 
long  silky  needles.* 

591  Succinamie  Acid,  C^U^  |  CO  OH''  ^^  ^^^^^  ^^^^^  ^^*^*^^ 
of  bases  and  water  on  succinimide/  In  order  to  prepare  it 
solutions  of  baryta  and  succimmide  are  warmed,  when  barium 
succinamate  is  deposited  in  white  silky  needles.  The  acid, 
which  is  set  free  by  sulphuric  acid,  is  easily  soluble  in  water, 

1  Compt.  Mend.  Cliim.  1847,  291. 

2  Erlenmeyer,  Zeitsch.  Chem.  1849, 174. 

3  Bunge,  Ann.  Ckem.  Phm-m.  Suppl  vii.  117. 
*  Menschutkin,  ib.  clxii.  165. 

6  Teuchert,  ih,  cxxxiv.  136  ;  Menschutkin,  loe.  cit. 
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crystallizes  in  large  rectangular  tables  -which  have  a  pleasant 
acid  taste  and  decomposes  at  about  300°  into  succinimide  and 
water.  Its  salts  as  a  rule  crystallize  well  and  their  solutions 
decompose  on  boiling  with  formation  of  ammonia,  a  decom- 
position which  occurs  even  in  the  cold  when  free  alkalis 
are  present. 

Tristcccinamide,  (C2H^Oy)3N2,  is  formed  by  the  action  of  silver 
succinimide  on  an  ethereal  solution  of  succinyl  chloride  ; 

It  crystalhzes  in  small  prisms  or  tables  melting  at  83°  and  is 
decomposed  by  water  into  succinic  acid  and  succinimide,^ 

Succinct/ anamide,  CgH^^  Po'iStJ^PN^H*  ^^^  potassium  com- 
pound of  this  is  obtained  by  the  action  of  potassium  cyanamide, 
N(CN)HK,  on  ethyl  succinate  and  the  sodium  compound  by 
heating  succinyl  chloride  with  sodium  cyanamide.  Silver  nitrate 
produces  a  white  precipitate  of  the  silver  compound,  C^H^ 
(C0NAg.CN)2,  which  yields  the  pure  amide  on  decomposition 
with  sulphuretted  hydrogen.  This  is  soluble  in  water  and 
alcohol,  and  crystallizes  in  monoclinic  prisms  containing  two 
molecules  of  water  which  they  readily  lose.  The  anhydrous 
compound  melts  at  104° — 105°. 

Succincyanimide,    G<^/r^rCy^.G^,  is  formed  by  the  action 

of  cyanamide  on  an  ethereal  solution  of  succinyl  chloride.  It 
deposits  in  large  crystals  insoluble  in  cold  water,  which  melt 
at  138°  with  decomposition  and  when  heated  with  cyanamide  it 
combines  to  form  the  foregoing  compound. 

Succincyamic    Acid,   CgH^  -j  pi^*/^tt  '    is    formed    when 

succincyanimide  is  heated  with  water.  In  order  to  prepare  it, 
succinic  anhydride  is  dissolved  in  a  cold  aqueous  solution  of 
caustic  potash  and  of  cyanamide  : 

GO  /H  .CO.N<§^ 

C^h/      >0  +  N-CN  +  KOH  =  C.H,;  ^      +H2O. 

^CO^  \K  ^CO.OK 


Gerhardt  and  Chiozza,  Ann.  Chim.  Fhys.  [3],  xlvi.  162. 
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The  potassium  succincyamate  thus  obtained  is  soluble  in  water 
but  not  in  alcohol,  and  it  crystallizes  in  rhombic  tables.  It 
forms  with  silver  nitrate  a  soluble  silver  compound,  from  which 
other  succincyamates  can  be  obtained  by  decomposition  with 
soluble  chlorides.  If  the  silver  salt  be  decomposed  by  sulphur- 
etted hydrogen  the  free  acid  is  obtained.  This  compound 
is  easily  soluble  in  water  and  alcohol,  possesses  a  sharp  saline 
and  acid  taste  and  crystallizes  in  lancet-shaped  needles  or  tables 
which  melt  at  128°  and  decompose  at  a  higher  temperature. 
Its  aqueous  solution  decomposes  easily  into  succinic  acid  and 
cyanamide  or  dicyanamide.  Its  salts  also  decompose  in  a 
similar  way,  but  less  rapidly. 

When  silver  nitrate  is  added  to  a  concentrated  solution 
of  the  acid,  oily  drops  separate  out  and  these  soon  solidify 
to   small   rhombic   prisms   of    the    acid    silver    succincyamate, 

^^2^4  ^  CO.OH 

592  SiLccinonitril  or  Ethylene  Cyanide,  Q^^{Q>'^)^M  obtained 
by  heating  ethylene  bromide  with  potassium  cyanide  and 
alcohol  2  and  is  also  formed  in  the  electrolysis  of  cyanacetic  acid 
(see  p.  159).  It  forms  a  white  amorphous  mass,  soluble  in 
water  and  alcohol,  melting  at  54°'5  and  may,  under  diminished 
pressure,  be  distilled  without  decomposition.  When  heated 
with  caustic  potash,  hydrochloric  acid,  or  nitric  acid,  it  is 
converted  into  succinic  acid. 

^-Cyanpropionic  Acid,  C2H/CN)C02H,  was  obtained  by  von 
Richter  on  boiling  yS-iodopropionic  acid  with  potassium  cyanide 
solution.  He  did  not,  however,  obtain  it  in  the  pure  state, 
and  only  noticed  that  the  potassium  salt  thus  obtained  does 
not  crystallize  and  that  it  is  converted  into  potassium  succinate 
on  boiling  with  caustic  potash  .^ 

An  acid  of  the  same  composition  was  obtained  by  Cooper 
and  Wanklyn  by  heating  woollen  yam  with  an  alkaline  solution 
of  potassium  permanganate.  It  is  an  amorphous  yellow  mass 
which  softens  at  100°  and  at  140°  becomes  anhydrous,  decom- 
posing at  a  higher  temperature.  It  is  easily  soluble  in  water 
and  alcohol,  has  a  strongly  acid  reaction  and  forms  amorphous 
salts,  most  of  which  are  soluble  in  water  but  not  in  alcohol. 
When  heated  with  caustic  potash  to  200°— 220°,  oxalic  acid  and 

I  Moller,  Joum.  PraU.  Cliem,  [2],  xxii.  193.  ■  i     n  ,77   <?.. 

■'  Maxwell  Simpson,  Proe,  Roy.  Soc.  x.  574  ;  Nevole  and  Tschcrniak,  Bull.  Soc. 
Chim.  [2],  XXX.  108  and  161. 
a  Zeitsch.  Chem  1868,  449. 
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ethylamine  are  obtained  but  no  succinic  acid.  For  this  reason 
Cooper  and  Wanklyn  termed  it  isocyanpropionic  acid.^  Further 
investigation  is  required  in  order  to  determine  the  constitution 
of  this  body. 


SUBSTITUTION  PRODUCTS  OF  SUCCINIC  ACID. 

593  Monohromsuccinic  Acid,  C2H3Br(C02H)2,  was  obtained 
by  Kekul^  by  heating  succinic  acid  with  water  and  bromine.^ 
According  to  Carius  it  is  best  obtained  by  heating  5  grams  of 
succinic  acid,  2'5  cbc.  of  bromine  and  40  cbc.  water  slowly  to  120°.^ 
It  forms  small  colourless  octohedral  crystals  or  crusts  which 
melt  at  159*^ — 160°  undergoing  loss  of  hydrobromic  acid.  It  is 
soluble  in  5  parts  of  water  at  15°.  This  compound  is  more 
readily  obtained  by  the  union  of  hydrobromic  acid  with  fumaric 
or  maleic  acid  (p.  210). 

DibromstccciTiic  Acid,  (CHBr)2(CO.OH)2,  was  obtained  by 
Perkin  and  Duppa  by  heating  equal  volumes  of  succinyl  chloride 
and  bromine  at  120° — 130°  and  decomposing  with  water  the  di- 
bromsuccinyl  chloride,  C2H2Br2(COCl)2,  thus  produced.^  Kekul^ 
also  prepared  it -by  heating  12  grams  of  succinic  acid  withll  cc. 
of  bromine  and  12  cc.  of  water  at  150° — 180°.^  When  one  mole- 
cule of  ethyl  succinate  is  heated  with  two  molecules  of  bromine 
at  130° — 140°  ethyl  bromide  is  obtained  together  with  a  small 
quantity  of  succinic  acid,  a  large  quantity  of  monobromsuccinic 
acid,  and  a  somewhat  smaller  quantity  of  dibromsuccinic  acid, 
which  two  latter  may  easily  be  separated  by  recrystallization.^ 
Dibromsuccinic  acid  forms  large  glistening  crystals  difficultly 
soluble  in  cold  water,  and  decomposing  at  200°  with  formation 
of  hydrobromic  acid,  and  brom-maleic  acid. 

Other  substitution  products  of  succinic  acid  will  bo  con- 
sidered under  fumaric  and  maleic  acids. 

1  PML  Mo^.  [5],  vii.  356. 

-  Ann.  Chem.  Pharin,  cxvii.  125  ;  cxxx.  21  ;  Sitppl.  i.  129. 
^  Ann.  Chem.  Pharm.  cxx.  6. 
*  Quart.  Journ,  Chem.  Soc.  xiii.  102. 

^  Ann.  Chem.  Pharm.  cxvii.  120  ;  Suppl.  i.  351.   See  also  Bourgoin,  Bull.  Soc. 
Chem.  xix.  148. 
^  Schacherl,  Ber.  Deutsche  Chem.  Gcs.  xiv.  637, 
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ISOSUCCINYL  COMPOUNDS. 

594  Isosuccinic  Acid  or  Methyl  Malonic  Acid,GB.^,GK{GO^\, 
was  first  obtained  by  H.  Mliller  by  heating  the  ethyl  ether  of 
a-chlorpropionic  acid  with  potassium  cyanide  and  decomposing 
the  product  with  caustic  potash.^  He  considered  this  to  be 
common  succinic  acid,  but  Wichelhaus  showed  that  it  was  an 
isomeride.^  It  was  then  further  examined  by  him  and  Eller,^ 
by  Y.  Richter/  and  by  Byk.^  In  order  to  prepare  it,  one  part 
of  ethyl  a-chlorpropionate  is  gently  boiled  with  two  parts  of  pure 
potassium  cyanide  and  four  parts  of  water,  until  the  ether  is 
dissolved,  the  whole  neutralised  with  sulphuric  acid  and  evap- 
orated to  dryness.  The  residue  is  strongly  acidified  and  ex- 
tracted with  ether,  and  the  cyanpropionic  acid  thus  obtained 
boiled  with  potash.  Cyanpropionic  acid  may  be  advantageously 
prepared  from  brompropionic  acid.^  The  product  is  again 
acidified,  extracted  with  ether,  and  then  precipitated  with  lead 
acetate,  care  being  taken  not  to  use  an  excess,  as  lead  isosuc- 
cinate  is  soluble  in  the  reagent,  but  only  slightly  so  in  acetic 
acid.  The  acid  obtained  from  the  lead  salt,  forms  colourless 
crystals,  dissolving  in  five  parts  of  cold  water.  When  carefully 
heated  below  100°  between  watch  glasses  it  can  be  sublimed 
in  microscopic  tables.  At  a  higher  temperature  decomposition 
takes  place.  It  melts  at  130°  and  decomposes,  when  more 
strongly  heated,  into  carbon  dioxide  and  propionic  acid.  The 
salts  are  mostly  crystallizable,  are  more  soluble  than  those  of 
succinic  acid,  and  are  not  precipitated  by  ferric  chloride. 

Calcium  Isosuccinate,  C^H^O^Ca+HgO,  is  obtained  as  a  crystal- 
line precipitate  formed  at  once  in  hot  solution  and  gradually  in 
the  cold  by  mixing  calcium  chloride  solution  with  a  concentrated 
solution  of  an  alkaline  isosuccinate. 

Silver  Isosuccinate,  C^fi^Kg^,  is  a  granular  crystalline 
precipitate,  which  when  shaken  with  a  large  quantity  of  water 
suddenly  dissolves,  separating  out  again,  on  standing  for  a  few 
minutes,  in  thin  needles.^ 

1  Ann.  Chem.  Pharm.  cxxxi.  350.  ^  Zeitsch.  Chem,  [2],  iii.  247. 

3  B$r.  Deutsch.  Chem.  Ges.  i.  98.  *  Zeitsch.  Chem.  1868,  449. 
^  Joum,  Prakt.  Chem.  [2],  i.  19. 
«  Kosieki,  Ber.  Deutsch,  Chem.  Ges.  xiii.  209.         ^  Krestownikow,  ih.  x.  409. 
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Ethyl    Isostcccinate,    CJifi^(C^IL^)n,    is   formed   according   to 
Carstanjen  by  heating  ethyl   formate  and   ethyl   lactate   with 
phosphorus  pentoxide  :^ 
CH,  CH 

CH.OH  4-    HCO.OC2H5    -    CH.CO.OC2H      +    H2O. 

GO.OC^H,  CO.OC.H, 

It  is  also  formed  from  ethyl  malonate  by  a  reaction  which  has 
already  been  described.^  It  is  a  liquid  having  a  specific  gravity 
of  1-021  at  22"  and  boils  at  196°.^ 

Monobromisosuccinic  Acid.  CHyCBr(C02H)2,  is  obtained  by 
heating  isosuccinic  acid  with  bromine  and  water  to  100°.  It 
crystallizes  in  well-formed  deliquescent  prisms. 


OXYSUCCINIC     ACIDS. 

Malic  Acid,  C^B.^{OII)(CO^Iiy:,. 

595  Geber  supposed  that  the  juice  of  sour  pears  contained  an 
acid,  or,  as  he  termed  it,  aqua  dissolutiva,  and  this  liquid  was 
employed  in  the  sixteenth  century  as  a  solvent  for  iron.  The  pre- 
paration thus  obtained  is  still  described  in  certain  pharmacopoeias 
as  Uxtractum  martispomata  oTferri  pomata,  a  tincture  prepared 
from  this  being  also  mentioned.  Libavius,  who  refers  to  this  in 
his  Alchymia,  also  notices  a  juice  from  "  haccae  cricae  hacciferae 
(Mehlbehr  vocant  Gcrviani),  Succtis  cvadit  ruber  et  acidum 
qui  sapitJ' 

Donald  Monro,  in  1767/  was  the  first  to  point  out  that  the 
juice  of  apples  yields  a  peculiar  salt  with  soda,  and  Scheele,  in 
1785,  showed  that  gooseberries  contain  another  acid  in  addition 
to  citric  acid,  which  is  also  present  in  large  quantity  in  unripe 
apples,  and  hence  he  termed  it  malic  acid  (from  malum).  He 
also  showed  that  either  the  one  or  the  other,  or  both  these  acids 
occur  in  many  other  plants,  and  its  characteristic  properties  were 
afterwards  more  closely  investigated  by  Yauquelin  in  1800.  In 
1807,  however,  both  Bouillon-Lagrange  and  A.  Vogel  came  to 
the   conclusion  that  this  acid  is  a  mixture  of  acetic  acid  and 

1  BcT.  Deutsch   Chem.  Ges.  iv.  808.  2  Dublin,  ib.  xii.  1112. 

3  Conrad  and  Bis:r,hoff,  Ann,  Chem,  Pharm.  cciy.  202. 
*  Phil  Trans.  1767,  p.  479. 
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extractive  matter,  but  this  was  disproved  by  Yauquelin  in  1817. 
Two  years  before  Donovan  proved  that  mountain-ash  berries 
contained  an  acid  to  which  he  gave  the  name  of  sorhic  acid,  and 
Braconnot,  in  1818,  proved  this  substance  to  be  mahc  acid. 
The  exact  composition  of  mahc  acid  was,  however,  first  ascer- 
tained by  Liebig.^ 

Mahc  acid  is  widely  distributed  throughout  the  vegetable  king- 
dom,^ being  found  in  a  number  of  other  frnits  besides  those  which 
have  been  named.  It  frequently  occurs  together  with  oxalic, 
tartaric  and  citric  acids,  partly  in  the  free  state  and  partly 
combined  with  bases.  It  also  occurs  in  various  other  parts  of 
the  vegetable  kingdom.  For  example  it  is  found  in  considerable 
quantity  in  the  berries  of  berbery  {Berheris  vulgaris),  quince, 
red-  and  white-Currants,  raspberries,  blackberries,  pine-apple, 
bananas,  and  sour-  or  morella-cherries,  whilst  sweet  cherries 
contain  acid  potassium  malate,  a  salt  which  is  also  contained  in 
the  leaves  and  stem  of  garden  rhubarb  {RJieum  palmatu7n  and 
R.  vndidahtm).  Acid  calcium  malate  is  also  found  in  many 
plants,  the  leaves  of  the  house-leek  (Sempervivum  tectonnn) 
being  especially  rich  in  it,  as  well  as  the  leaf  of  the  tobacco  plant 
and  the  berries  of  Ehits  Coriaria,  and  other  species  of  sumach. 

The  best  source  of  malic  acid  is  the  mountain-ash  berries. 
They  must  be  used  when  they  begin  to  redden,  as  the  ripe  ones 
contain  little  or  no  malic  acid.  Milk  of  lime  is  added  to  the  juice 
until  the  liquid  has  only  a  slightly  acid  reaction.  The  whole  is 
then  boiled  for  some  hours,  when  the  steam  which  comes  off 
attacks  the  eyes  from  the  presence  of  the  vapour  of  sorbic  acid. 
During  the  ebullition  calcium  malate  separates  out  as  a  white 
sandy  powder,  which  is  then  removed  with  a  spoon.  When  no 
further  precipitate  forms,  the  liquid  is  allowed  to  cool  and  a  further 
quantity  of  this  salt  is  deposited.  The  precipitate  is  then  washed 
with  cold  water  and  thrown  gradually  into  a  warm  mixture 
of  nitric  acid  and  ten  parts  of  water  so  long  as  it  dissolves, 
and  the  whole  allowed  to  cool,  when  the  acid  calcium  malate 
separates  out.  This  is  then  purified  by  recrystallization  from 
hot  water,  precipitated  with  lead  acetate  and  the  insoluble  lead 
malate  decomposed  with  sulphuretted  hydrogen.^ 

The  stalks  and  leaves  of  garden  rhubarb  may  also  be  employed 
for  the  preparation  of  malic  acid,  and  may  be  treated  as  above.* 

1  Ann.  PJiarm.  v.  141.  "  Gmelin,  Handbook,  x.  205. 

3  Hagen,  Avn,Chem.  Pharm.  xxxviii.'257, 
^  Eveiitt,  Phil.  Mag.  [3],  xxiii.  327. 
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The  juice  may  also  be  clarified  with  isinglass  and  the  filtrate 
allowed  to  evaporate  to  a  thin  syrup.  After  some  days  acid 
calcium  malate  separates  out,  and  this  may  be  purified  by  re- 
crystallization  and  afterwards  treated  as  above.^ 

The  evaporated  syrupy  solution  from  the  decomposition  of 
the  lead  salt  when  allowed  to  stand  in  a  warm  place  deposits 
malic  acid  in  glistening  four-sided  needles,  which  frequently 
unite  to  form  bushy  or  nodular  masses.  It  is  also  sometimes 
deposited  in  cauliflower-like  forms. 

Malic  acid  is  very  soluble  in  water,  and  deliquesces  on  exposure 
to  moist  air.  It  has  a  strong  but  pleasant  acid  taste,  melts  at 
about  100°,  and  decomposes  at  a  higher  temperature,  when 
products  are  formed  which  will  be  afterwards  described.  When 
treated  with  concentrated  hydriodic  acid  it  is  reduced  to 
succinic  acid  :  ^ 

C2H3(OH)(C02H)2  +  2m  =  G^R.iCO^-Ky,  +  H^O  +  I2. 


The  Malaxes. 

596  These  salts  have  been  carefully  investigated  by  Hagea^ 
The  normal  malates  of  the  alkali  metals  are  easily  soluble  in  water, 
hut  do  not  crystallize.  The  acid  salts  on  the  other  hand  crystal- 
lize well.  The  malates  of  the  alkaline  earths  exist  both  in 
anhydrous  forms  and  in  forms  containing  water  of  crystallization, 
and  it  appears  that  the  solubility  increases  with  the  quantity  of 
water  contained.  The  malates  of  aluminium,  iron,  manganese, 
&c.,  are  not  crystallizable,  and  their  solutions  are  not  precipitated 
by  alkalis.  Other  heavy  metals  form  difficultly  soluble  or  in- 
soluble malates.  The  followincf  are  the  most  characteristic  salts 
of  this  acid. 

Acid  Ammonium  Malate,  C4H505(NH^),  dissolves  in  about 
three  parts  of  cold  water,  and  crystallizes  in  large  rhombic 
prisms. 

Normal  Calcium  Malate,  C^H^OgCa.  When  a  solution  of 
■malic  acid  is  neutralized  with  lime  and  heated  to  the  boiling 
point,  the  anhydrous  salt  separates  out  as  a  granular  powder 
scarcely  soluble  in  water.  When  the  solution  remains  acid  a 
similar  precipitate  is  thrown  down  which  contains  one  molecule  of 

1  Winkler  and  Herberg'-r,  J-rh.  Prakt.  Client,  ii.  201. 
-  ^  Sohmitt,  Ann,  Chevi.  Phami,  cxiv.  106  ;  Dessaignes,  ib,  cxviL  134. 
3  Loc.  cit. 


ISOMERIDES  OF  MALIC  ACID.  201 

water,  and  tins  is  also  formed  when  a  solution  of  sodium  malate 
is  mixed  with  one  of  calcium  chloride  £ind  allowed  to  stand.  This 
salt  is  soluble  in  147  parts  of  cold  and  67  parts  of  boiling 
water,  and  does  not  deposit  again  on  cooling.  If  the  acid  is 
neutralized  with  lime  water  and  the  solution  allowed  to  evaporate 
in  a  vacuum  easily  soluble  thin  crystalline  laminge  are  obtained, 
containing  two  molecules  of  water.  These  become  anhydrous 
and  insoluble  at  180°. 

Add  .Calcium  Malate,  {Q^fi^^d.-y^'K^O.  This  occurs,  as 
has  been  stated,  in  several  plants,  and  may  also  be  easily 
prepared  by  dissolving  the  normal  salt  in  aqueous  malic  acid 
or  in  hot  dilute  nitric  acid.  It  crystallizes  in  transparent 
glistening  prisms  having  a  pleasant  acid  taste.  It  dissolves 
in  fifty  parts  of  cold  and  more  easily  in  hot  water.  When  its 
solution  is  boiled  the  normal  salt  separates  out,  and  when 
neutralized  with  ammonia  and  allowed  to  evaporate  transparent 
brightly  glistening,  hard  crystals  are  deposited,  having  the 
composition  C^H^OgCa  +  SHgO,  and  these,  when  heated,  lose 
water  and  assume  a  porcelain-Hke  appearance. 

Normal  Lead  Malate,  C^H^O^Pb  +  SllgO.  This  is  obtained  as 
a  flocculent  precipitate  which  gradually  becomes  crystalline. 
When  heated  with  a  moderate  amount  of  water  it  melts  to 
a  gum-like  mass  which  is  brittle  when  cold.  The  solution, 
however,  deposits  four-sided  needles  or  tablets.  It  is  only 
slightly  soluble  in  dilute  acetic  acid,  but  dissolves  more  readily 
in  solution  of  sugar  of  lead  and  in  nitric  acid.  When  a  solution 
of  a  malate  is  thrown  down  with  acetate  of  lead  a  precipitate 
of  basic  salt  is  obtained. 

Silver  Malate  is  a  white  granular  crystalline  precipitate  soluble 
in  boiling  water,  and  easily  undergoes  decomposition  attended 
by  blackening. 


Optical  Isomerides  of  Malic  Acid. 

597  The  malic  acid  which  occurs  in  nature  is  optically  active, 
a  dilute  solution  deviating  the  plane  of  polarization  to  the 
left.  This  gyratory  power  diminishes  with  the  concentration 
until,  when  the  solution  contains  thirty- four  per  cent.,  it  be- 
comes inactive.  A  still  further  addition  of  the  acid  gives  to 
the  solution  a  dextro-rotatory  power,  so  that  one  containing 
sixty   per  cent,    deviates   the   plane  of   polarization   as   much 
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to  the  right  as  one  containing  8"4  per  cent,  does  to  the  left. 
The  sodiuDi  salts  exhibit  a  similar  property.^ 

When  tartaric  acid  (dioxy succinic  acid)  is  treated  with 
hydriodic  acid  it  is  reduced  to  malic  acid,  and  this  by  a  further 
action  is  converted  into  succinic  acid.  The  malic  acid  thus 
obtained  is,  like  the  tartaric  acid  employed,  dextro-rotatory 
at  any  rate  in  dilute  solution.^  If  instead  of  tartaric  acid  use 
be  made  of  its  isomeride,  racemic  acid,  a  compound  of  dextro- 
tartaric  acid  with  Isevro -rotatory  acid  which  is  optically  inactive, 
an  inactive  malic  acid  is  also  produced,  and  this,  like  racemic 
acid,  can  be  decomposed  into  two  optically  active  acids.^  Another 
inactive  malic  acid  which  cannot  be  thus  split  up  was  obtained 
by  Pasteur  by  the  action  of  nitrogen  trioxide  on  inactive  aspartic 
acid  (amidosuccinic  acid),  a  body  which  will  be  afterwards 
described.  This  malic  acid  is  distinguished  from  the  common 
variety  by  being  more  easily  crystallizable,  by  being  non-deh- 
quescent,  and  melting  at  133°.*  Its  salts  are,  however,  very 
similar  to  those  of  the  naturally  occurring  acid,  but  they  may 
be  distinguished  from  them  inasmuch  as  the  crystals  of  the 
latter  exhibit  hemihedral  faces.  It  is  probable  that  the  malic 
acid  obtained  by  Kekule  by  heating  bromsuccinic  acid  with 
silver  oxide  and  water  ^  is  identical  with  Pasteur  s  acid  as  well 
as  that  which  Strecker  and  Messel  obtained  by  boiling  sulpho- 
succinic  acid  with  caustic  potash.®  Another  inactive  malic 
acid  which  appears  to  be  different  from  these  modifications  is 
obtained  from  fumaric  acid,  C^H^O^,  and  will  be  described 
under  this  head. 


Ethers  and  Ethereal  Salts  of  Malic  Acid, 

598  Normal  EiJiyl  Malate,  C2H3(OH)  (COsC.H,)^.  Thenard^ 
made  the  first  experiments  on  the  preparation  of  this  salt.  He 
heated  a  mixture  of  eighteen  parts  of  alcohol,  fifteen  parts  of  sul- 
phuric acid,  and  ^yq  of  malic  acid  until  ether  began  to  be  evolved, 
and  then  mixed  the  residue  with  water,  when  he  obtained 
a  yellow  oily  odourless  hquid,  which  when  heated  decomposed. 
This  substance   requires  further  investigation.^     According  to 


^  Scliceider,  Ann.  Chem.  Pharm.  ccvii.  257. 

^  Bremer,  £er.  Deutsch.  Chem.  Gcs.  viii.  1594. 

3  Bremer,  ib.  xiii.  351.  4  j^^n.  Cliem.  Fharm,    Ixxxiv.  157. 

^  Ib.  cxvii.  125.  6  Zeitsch.  Chem.  1870,  460. 

7  M6m.  JSoc.  d'Accuetl,  ii.  12.  ■     ^  Gmelin,  Org.  Chem.  ii.  354. 
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Demondtisir  this  salt  is  obtained  by  saturating  an  alcoholic 
solution  of  malic  acid  with  hydrochloric  acid.  The  acid  is  then 
neutralized  with  carbonate  of  soda,  and  extracted  with  ether 
and  on  evaporating  ethyl  malate  remains  behind.^  It  is  also 
formed  when  silver  malate  is  heated  with  ethyl  iodide  and  ether. 
It  is  a  slightly  ethereal  smelling  liquid,  soluble  in  water,  and 
boiling  under  a  diminished  pressure  of  15  mm.  at  128° — 131°. 
When  heated  under  the  ordinary  pressure  it  decomposes  into 
water  and  ethyl  fumarate. 

Acid  Ethyl  Malate,  C2H3(OH)(C02C,H5)C02H.  This  com- 
pound, which  is  also  known  as  ethyl  malic  acid,  is  formed  in 
the  preparation  of  the  normal  salt  by  the  second  method 
above  described,  and  forms  a  calcium  salt  easily  soluble  in 
alcohol. 

Mhylomalic  Acid,  C2H3(OC.2H5)(C02H)2,  is  isomeric  with  the 
foregoing  compound,  being  distinguished  from  it  inasmuch  as 
it  is  dibasic.  In  order  to  prepare  it,  ethyl  fumarate  is  gradually 
added  to  an  alcoholic  solution  of  sodium  ethylate,  the  mixture 
allowed  to  stand,  and  then  heated  with  water  and  caustic  soda. 
The  sodium  salt  thus  obtained  is  then  converted  into  the  in- 
soluble and  crystalline  lead  salt,  and  this  decomposed  by 
sulphuretted  hydrogen.  When  the  solution  is  evaporated  a 
syrupy  mass  remains  behind,  which  gradually  deposits  crystals 
which  are  apparently  rhombic,  and  melt  at  86°.  The  formation 
of  this  acid  is  explained  by  the  following  equation : 

C2H5.CO2.CH  =  CH.COg.CaHg-h  NaOC2H5  = 
C2H5.C02.CH(OC2H5).CHNa.C02.C2H5. 

The  compound  thus  obtained  is  then  converted  in  the  presence 
of  water  and  caustic  soda  into  sodium  ethylomalate.^ 

Triethyl  Malate,  C2H3(OC2H5)(C02C2H5)2,  is  formed  when 
sodium  is  gradually  added  to  an  ethereal  solution  of  the  normal 
ether,  and  the  product  treated  with  ethyl  iodide.  It  is  a 
liquid  which  boils  under  a  diminished  pressure  of  15  mm.  at 
118°— 120°.3 

Mhyl  Nitroxyl  Malate,  C2H3(ON02)  (00202115)2.  is  obtained 
bv  dissolvincf  the  normal  salt  in  a  mixture  of  concentrated 
sulphuric  and  nitric  acids.  On  precipitating  with  water,  a 
slightly  pungent-smelling,  oily  liquid  is  obtained,  which  de- 
composes on  heating.* 

1  Compt.  Rend,  xxxiii.  227.  ^  Purdie,  Journ.  Chem.  Soc.  1881,  i.  344. 

3  Andreoni,  Ber.  Deutsch.  Chem.  Ges.  xiii.  1394.  ^  Henry,  ih.  iii.  532. 
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Ethyl  Acetomalats,  GgHgCOC^HgO) (00202115)2,  is  formed  by 
heating  ethyl  malate  with  acetyl  chloride.  It  is  a  heavy,  slightly 
ethereal  smelling  liquid,  insoluble  in  water,  boiling  at  258°/ and 
is  decomposed  by  alkahs  into  alcohol,  malic  acid,  and  acetic 
acid.^ 

Amido-compounds  of  Malic  Acid. 

599  Malamide,  C2H3(OH)(CO.NH2)2,  is  formed  by  the  action 
of  ammonia  on  an  alcoholic  solution  of  ethyl  malate.  It  is 
soluble  in  water  and  crystallizes  in  quadratic  prisms. 

Malamic  Acid,  C2H3(OH)-|  ^oOH^'  ^^  ^^*  known  in  the 
free  state.  Its  ethyl  salt  separates  out  as  a  radiating  crystalline 
mass  when  ethyl  malate  is  saturated  with  ammonia  and  allowed 
to  stand  (Demondesir). 

Asparagine,  or  Amidosuccinamic  Acidy  C2H3(NH2)  \  nr)r)xx^ 

This  compound,  isomeric  with  mal  amide,  was  discovered  in  1805 
by  Vauquelin  and  E-obiquet  in  the  juice  of  asparagus.^  Bacon 
found  a  substance  in  the  marsh-mallow  root  to  which  he  gave 
the  name  of  Althdine,  and  Caventou  found  in  the  liquorice 
root  a  similar  body,  which  he  termed  Agddoile,  Plisson  and 
Henry  then  showed  that  these  bodies  are  identical  with  aspara- 
gine.^  The  composition  of  this  body  was  first  determined  by 
Liebig.*  It  occurs,  very  widely  distributed,  in  the  vegetable 
kingdom,  being  found  in  certain  fruits,  roots,  and  tubers,  as  in 
the  dahlia  tuber,  and  in  chestnuts  and  potatoes,  and  in  the 
roots  of  Bohinia  piseudacacia,  in  which  it .  occurs  in  compara- 
tively large  quantities.  It  is  also  found  in  the  milky  juice  of 
the  lettuce,  and  in  the  young  shoots  of  vetches,  peas,  beans,  and 
several  other  leguminous  plants,  the  seeds  of  which  do  not  con- 
tain any  trace.  The  quantity  diminishes  as  the  growth  of  the 
plants  proceeds,  and  disappears  altogether  as  soon  as  the  seeds 
are  formed.^  According  to  Boussingault,  asparagine  is  a  constant 
constituent  of  plants  grown  in  the  dark,^ 

In  order  to  prepare  it  from  the  young  plants  these  are  pressed, 
the  juice  heated  to  boiling,  filtered  and  evaporated  to  a  thin 

^  Wislicenus,  Ann.  Ohem.  Pharm.  cxxix.  3  79. 

'  Ann.  Ghim.  Ivii.  88  ;  Ixxii.  143. 

^  Ann.  Chim,  Fhys.  [2],  xxxv.  175  ;  xxxvii.  81  ;  xlv.  304. 

^  Ann,  Pharm.  vii.  146. 

^  Piria,  Anv.  Chim.  Phys.  [3],  xxii.  160. 

^  Bull.  SoG,  Chim.  [2],  ii.  297. 
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synip.  After  standing  for  some  time  asparagine  separates  out, 
and  this  is  then  purified  by  filtration  through  animal  charcoal 
and  crystallization.  It  may  be  prepared  easily  from  the  root  of 
Scorzoncrct  hispanica,  by  allowing  this  to  undergo  dialysis/  and  a 
similar  process  may  also  be  adopted  for  its  preparation  from  the 
mallow.^ 

Asparagine  crystallizes  with  one  molecule  of  water  in  trans- 
parent rhombic  prisms,  which  are  permanent  in  the  air,  and 
have  a  specific  gravity  of  1*519.  These  crumble  to  powder  with 
a  crackling  noise  between  the  teeth ;  they  have  a  slight  cooling, 
somewhat  nauseating  taste.  They  are  soluble  in  82  parts  of 
water  at  1 0°,  but  are  scarcely  soluble  in  absolute  alcohol. 

The  aqueous  solution  possesses  a  slight  Isevro-rotatory  power ; 
that  in  ammonia  or  caustic  soda  exerts  a  more  powerful  action, 
but  a  solution  in  mineral  acida  has  a  dextro-gyratory  power. 
The  effect  of  acetic  acid  upon  this  action  is  remarkable.  If  a 
small  quantity  be  added  to  an  aqueous  solution  of  asparagine  its 
Isevro-rotatory  power  is  weakened,  and  at  last  disappears,  a  further 
addition  of  acetic  acid  producing  a  dextro-rotatory  action.^ 

Asparagine  being  an  amido-acid  combines  with  acids.  It  also 
forms  metallic  salts,  and  combines  with  salts  to  form  compounds 
similar  to  those  formed  by  glycocoll. 

Nitrous  acid  converts  asparagine  into  malic  acid,  and  for  this 
reason  Piria  assumed  that  this  body  stands  in  the  same  relation 
to  this  as  oxamide  does  to  oxalic  acid.  Kolbe,  on  the  other 
hand,  was  the  first  to  express  the  view  that  it  is  an  amide  of 
amido-succinic  acid  or  aspartic  acid,*  and  Schaal  proved  this, 
inasmuch  as  he  obtained  it  by  the  action  of  ammonia  on  the 
ethyl  salt  of  the  latter  acid.^ 

Pure  asparagine  does  not  undergo  alteration  in  aqueous  solu- 
tion. If,  however,  albuminoid  bodies  are  present  a  fermentation 
soon  sets  in,  and  ammonium  succinate  is  formed-  This  change 
occurs  in  its  passage  through  the  human  organism.  After  eating 
asparagiTS  the  urine,  as  i&  well  known,  assumes  a  peculiar  smell. 
The  cause  of  this  has  not  yet  been  ascertained,  but  on  examina- 
tion it  has  been  found  that  such  urine  contains  ammonium 
succinate.^ 

6oo  Aspartic  Acid  or  AmidosttccinicAcid,  C2H3(NH2)(C02H)2. 

^  Gorup-Besanez,  Ann,  Ckcm,  Fharm.  cxxv.  291. 

2  Buchner,  Zeitsch.  Chem.  1862,  117. 

3  Becker,  Ber.  Deutsch,  Chem.  Ges.  xiv.  1028. 

4  Ann.  Chem.  Pharm.  cxxi,  232. 

5  lb.  elvii.  24.  ^  Hilger,  Ih.  clxxi.  209. 


206  THE  OXYSUCCINIC- ACIDS. 

was  obtained  by  Plisson  by  boiling  asparagus  "with  water  and 
lead  oxide  until  the  evolution  of  ammonia  ceased.  Instead  of 
lead  oxide,  other  bases  such  as  baryta/  or  caustic  potash  ^  may 
be  used.  Liebig,  who  first  determined  its  composition,  prepared 
it  by  boiling  an  aqueous  solution  of  asparagine  with  caustic 
potash,  the  evaporated  water  being  constantly  renewed,  until  no 
further  evolution  of  ammonia  was  observed.  The  solution  was 
then  neutralized  with  hydrochloric  acid,  evaporated  to  dryness, 
and  the  residue  washed  with  cold  water  to  remove  potassium 
chloride.  Aspartic  acid  is  also  found  in  beet-root  juice  after 
treatment  with  lime,^  as  well  as  in  the  spent  lees  or  vinasse, 
together  with  an  homologous  acid.^ 

It  is  sparingly  soluble  in  cold  water,  more  readily  soluble  in 
boiling  water,  and  dissolves  only  with  difficulty  in  alcohol.  It 
is  deposited  either  in  small  thin  rhombic  tables  or  in  micro- 
scopic crystals.  These  have  a  slightly  acid  taste,  leaving  an 
after-taste  like  broth.  Owing  to  the  slight  solubility  its  aqueous 
solution  possesses  only  a  -weak  la3vro-rotatory  power,  whilst 
its  alkaline  solution  produces  a  more  powerful  rotation;  its 
solution  in.  acids,  on  the  other  hand,  exhibits  a  strong  dextro- 
rotatory action.  With  acetic  acid  it  exhibits  a  behaviour 
corresponding  to  that  of  asparagine  (Becker). 

An  optically  inactive  aspartic  acid  was  obtained  by  Pasteur  ^ 
from  acid  ammonium  malate.  If  this  body  be  moistened 
with  ammonia  and  heated  for  some  hours  to  160° — 200°,  a 
resinous  mass  is  formed,  and  this  when  washed  with  water 
leaves  behind  a  reddish  powder  which  possesses  the  composition 
C^HsNOg,  and  has  been  termed  fumarwiide.  It  probably 
possesses  the  following  constitution  : 

CO— N—CO 

I  /     I 

CH  CH, 

I  I 

CH,  CH 

I  /| 

CO— N— CO. 

By  boiling  this   with  dilute  hydrochloric  acid  it  is   converted 

^  Boutron-Chalard  and  Pelouze,  Ann.  Ghim.  PJiys.  [2],  Hi.  90. 

^  Liebig,  Ann.  Pharm,.  xxvi.  125  and  161. 

3  Scheibler,  Jahresh.  1866,  399  ;  Chem.  Centralh.  1869,  509, 

*  Ber.  Veutsch.  Chan.  Ges.  ii.  596. 

^  Ann,  Chim.  Phys.  [3],  xxsiv.  30. 
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into  inactive  aspartic  acid,  which  crystallizes  in  short  hard  mono- 
clinic  prisms,  and  is  somewhat  more  soluble  than  the  active  acid. 
Its  salts  also  exhibit  a  difference  from  those  of  the  active  acid 
both  in  solubility  and  crystalline  form ;  otherwise  its  chemical 
reactions  resemble  those  of  the  ordinary  acid.^ 

Aspartic  acid  has  a  slightly  acid  taste  and  is  dibasic.  Its 
normal  salts  are,  however,  decomposed  by  carbon  dioxide,  and 
hence  they  were  at  one  time  believed  to  be  basic  salts,  and  the 
acid  was  considered  to  be  monobasic,  as,  indeed^  in  the  free  state 
it  really  is,  being  an  amido-acid : 

CO— o 

1    I 

CH— NH 

CO.OH. 

The  only  aspartates  of  the  alkali  metals  which  are  known  in 
the  sohd  form  are  the  acid  salts.  The  acid  salts  of  other  metals 
are  soluble  in  water ;  some  of  the  normal  salts  are  insoluble. 
The  soluble  aspartates  have  also  a  peculiar  taste  like  broth. 
By  heating  the  acid  silver  salt  with  ethyl  iodide  the  monethyl 
salt  is  obtained ;  this  is  a  crystalline  body,  which  on  treatment 
with  aqueous  ammonia  yields  asparagine.^ 

Aspartic  acid  also  forms  compounds  with  other  acids  which 
are  crystalline. 

Imidosuccinic    Acid,    <^^jj^C2H3.C02H,  is  obtained  together 

with  tetramethylammonium  iodide  when  a  solution  of  asparagine 
in  caustic  potash  is  mixed  with  wood-spirit  and  methyl  iodide, 
and  the  mixture  allowed  to  stand.  It  crystallizes  from  hot  water 
in  four-sided  laminae.  It  is  a  monobasic  acid,  but  as  it  is  an 
imido-compound  it  yields  a  silver  salt  containing  two  atoms  of 
metal  .3 


6oi  Isomalic  Acid,  CH3G(0H) (00211)2,  was  obtained  by 
Schmoger  by  gently  heating  an  aqueous  solution  of  bromisosuc- 
cinic  acid  with  freshly  precipitated  silver  oxide.  This  acid,  which 
is  easily  soluble  in  water,  can  be  obtained  in  the  crystallized  state, 

\  Ann.  Chim,  Phys.  [3],  xxii.  160. 

2  Schaal,  Ann.  Cliem.  Pharm.  clvii.  24. 

3  Griess,  Ber.  Deutsch.  Ohem.  Ges.  xii.  2117 
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whereas  its  salts,  with  the  exception  of  the  silver  salt,  cannot 
be  obtained  crystallized.  It  decomposes  at  100°  into  carbon 
dioxide  and  lactic  acid.^ 

An  acid,  which  according  to  its  mode  of  formation  should  be 
identical  with  the  above,  was  prepared  by  Bottinger  in  the 
following  way.  Pyroracemic  acid  is  gradually  added  to  finely 
powdered,  well  cooled  potassium  cyanide,  and  the  product  treated 
with  hydrochloric  acid,  when  oxyethiclene-siiGcinamic  acid  is 
formed  ■. 

CHg  CH^ 

CO     +     HON    =     C(OH)CN 

I  I 

CO.OH  CO.OH. 

CH3  CH3 

I  I 

C(OH)CN    +    HgO    =    C(0H)C0.NH2 

CO.OH  CO.OH. 

This  forms  a  strongly  acid  syrupy  mass,  which  when  heated 
with  hydrochloric  acid  is  converted  into  lactic  acid,  carbon 
dioxide,  and  sal-ammoniac,  but  when  boiled  with  baryta  water, 
oxyethidene-sitccinic  acid,  or  ineihyl  tarti^onic  acid  is  formed. 
This  is  easily  soluble,  and  crystallizes  in  rhombohedrons  similar 
to  those  of  calc-spar.  When  carefully  heated  it  melts  at  178° 
with  violent  evolution  of  carbon  dioxide.  It  is  distinguished 
from  isomalic  acid,  inasmuch  as  it  forms  crystalline  salts.^ 


FUMARIC  ACID  AND  MALEIC  ACID,  C^H^O^. 

602  Yauquelin  ^  as  well  as  Braconnot  ^  noticed  that  when 
malic  acid  is  subjected  to  dry  distillation  an  acid  aqueous  liquid 
first  comes  over,  and  then  a  needle-shaped  sublimate  is  formed. 
Lassaigne  then  showed  that  the  aqueous  solution  contains  a 
peculiar  acid  to  which  he  gave  the  name  of  pyromalic  acid,  the 
sublimate  being  an  acid  differing  from  this.^  These  compounds 
were  more  accurately  examined  in  1834  by  Pelouze,  who  gave  to 

^  Journ.  PraJcL  Chcm.  [2],  siv.  77  ;  xix.  168  ;  xxiv,  38. 

^  Ber,  Dcuisch,  Chem.  Ges.  xiv.  87  and  148. 

3  Ann.  Ohim.  Fhijs.  [2],  vi.  337.  *  Ih.  viii.  149.  ^  jjy^  i^_  93^ 


FUMARIC  ACID.  209 


the  former  the  name  of  maleic  acid  and  to  the  latter  the  name 
of  paramaleic  acid.^ 

Before  this,  Braconnot  had  prepared  the  so-called  boletic  acid 
from  several  varieties  of  lichens,  and  Pfaff  afterwards  found  an 
acid  in  Iceland-moss  to  which  he  gave  the  name  of  lichenic 
acid,  whilst  Winkler  obtained  an  acid  from  fumitory  {Fumaria 
officinalis),  which  he  termed  fumaric  acid.  The  identity  of 
this  latter  acid  with  paramaleic  acid  was  demonstrated  by 
Demar9ay,2  whilst  Schodlcr  showed  that  lichenic  is  really  the 
same  acid.^  Then  Bolley*  and  Dessaignes^  proved  that  boletic 
acid  is  identical  with  fumaric  acid,  and  this  name  is  now  gener- 
ally adopted  instead  of  paramaleic  acid. 

When  malic  acid  is  quickly  distilled,  water  passes  over  first 
alone  and  then  together  with  maleic  acid,  the  residue  solidifying 
after  some  time  to  crystalline  fumaric  acid.  On  slow  distillation 
more  of  the  latter  substance  is  obtained,  and  when  malic  acid  is 
heated  for  some  time  to  140°  to  150°,  only  fumaric  acid  is  formed, 
the  maleic  acid  being  also  converted  at  this  temperature  into 
the  isomeride.  At  higher  temperatures,  on  the  other  hand,  both 
acids  decompose  into  water  and  maleic  anhydride,  which  body 
easily  combines  with  water  to  form  maleic  acid.  Hence  these 
two  isomerides  can  easily  be  converted  the  one  into  the  other. 


Fumaric  Acid. 

603  Fumaric  acid  is  somewhat  widely  distributed  throughout 
the  vegetable  kingdom.  It  is  found  in  a  variety  of  lichens, 
and  especially  in  Iceland  moss,  in  truffles,  and  in  the  several 
species  of  fumaria,  corydalis  and  glaucium. 

In  addition  to  the  reactions  mentioned  above  it  is  also  formed, 
according  to  Mlihlhaliser,  when  albuminoids  are  heated  with 
aqua  regia.^  It  is  best  obtained  in  the  pure  state  by  heating 
malic  acid  with  a  small  quantity  of  water  at  180°  under  pres- 
sure.^ It  requires  for  solution  more  than  200  times  its  weight 
of  cold  water.  It  dissolves  more  easily  in  hot  water  and  also  in 
alcohol  and  ether,  crystallizing  from  these  in  prisms  or  scales. 
It  fuses  with  difficulty  on  heating,  and  decomposes  at  about  200° 

^  Ann.  Chim.  Phys.  [2],  Ivi.  72. 

^  lb.  Ivi.  429.  ^  Ann.  Chem.  Pharm.  xvii.  148. 

"*  Ih.  Ixxxvi.  44.  ^  Compt.  Rend.  xxxi.  432  ;  xxxvii.  782. 

®  Ann.  Glwm.  Pharm.  ci.  176.  ^  Jungfleisch,  Bull.  Soc.  Chim.  xxx.  147. 
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into  water  and  maleic  anhydride,  whilst  a  portion  sublimes  in 
needles.  It  has  a  purely  acid  taste,  is  optically  inactive,  and  is 
not  attacked  by  concentrated  nitric  acid,  even  on  boiling ;  but 
is  easily  converted  in  presence  of  sodium  amalgam  and  water 
into  succinic  acid.  This  same  change  takes  place  when  it 
is  treated  with  zinc  in  alkaline  solution,  or  when  it  is  heated 
with  hydriodic  acid.^  When  brought  in  contact  with  bromine 
and  water  it  combines,  graduaUy  at  the  ordinary  temperature  but 
quickly  at  100'',  forming  dibromsuccinic  acid.^  Fuming  hydro- 
bromic  acid  does  not  combine  with  it  in  the  cold  but  does  so  at 
100°  when  monobromsuccinic  acid  is  formed.^  When  heated 
v/ith  a  large  excess  of  water  to  150°  it  is  transformed  into 
inactive  malic  acid  (Jungfleisch).  This  also  takes  place  on 
heating  fumaric  acid  for  some  time  with  caustic  soda  to  100°. 
Malic  acid  prepared  in  this  way  forms  hard  crystalline  crusts 
consisting  of  microscopic  prisms.  It  is  less  deliquescent  than 
common  malic  acid,  from  which  it  is  also  distinguished  by  the 
properties  of  its  salts.  The  main  distinction  between  this  and 
the  other  modifications  of  malic  acid  is  that  when  heated  it 
forms  famaric  acid,  but  no  maleic  acid.* 

If,  on  the  other  hand,  fumaric  acid  be  heated  with  much  water 
at  150°  to  200°  an  inactive  malic  acid  is  formed,  which,  like  the 
body  already  described,  splits  up  into  maleic  anhydride  and 
fumaric  acid  when  it  is  heated  with  water.  By  converting  this 
latter  into  malic  acid  and  repeating  the  above  reaction,  malic 
acid  can  be  completely  converted  into  maleic  acid.^ 

When  either  fumaric  acid  ^  or  maleic  acid  ^  is  distilled  with 
phosphorus  pentachloride  fumaryl  chloride,  G^^iQOQY).^.^  is 
obtained.  This  is  a  mobile  liquid  boiling  at  160°,  and  uniting 
with  bromine  to  form  dihovmsiLCcinyl  chloride^  C2H2Br2(COCl)2, 
a  body  which  is  also  formed  by  heating  succinyl  chloride 
with  bromine. 

A  galvanic  current  passed  through  an  alkaline  solution  of 
fumaric  acid  decomposes  it  into  acetylene,  carbon  dioxide  and 
hydrogen,  which  latter  body  reduces  a  portion  of  the  acid  to 
succinic  acid  ^ 

^  Kekule,  Ann.  Chem.  Pharm.  Suppl.  i.  129. 

2  Kekul^  ;  Fittig  and  Petri,  ib.  cxcv.  56. 

^  Fittig  and  Dorn,  ih.  clxxxviii.  87. 

^  Linnemann  and  Loydl,  Ann.  Chem.  Pharm.  cxcii.  82, 

^  Pictet,  Ber.  Deutsch.  Chem,  Gcs.  xiv.  2648. 

^  Kekule,  Ann.  Chem.  Pharm.  Suppl.  li.  86. 

^  Perkin  and  Duppa,  ih.  cxii.  24. 

^  Keknle,  Ann.  Chem.  Pharm.  cxxxi.  84. 
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Eumaric  acid  is  a  powerful  dibasic  acid.  Most  of  its  salts  are 
soluble  in  water,  and  ferric  chloride  produces  in  solutions  of  its 
normal  salts  a  cinnamon-brown  precipitate.  The  normal  and 
acid  fumarates  of  the  alkali  metals  crystallize  easily.  Those  of 
the  alkaline-earth  metals  are  not  very  soluble  in  water,  and 
are  obtained  in  crystals  when  hot  concentrated  solutions  of  the 
corresponding  acetates  are  mixed  with  a  solution  of  fumaric 
acid. 

Lead  Fwmaratc,  Q>J1^0^h  +  2^fiy  is  slightly  soluble  in  cold 
and  more  soluble  in  hot  water  and  crystallizes  in  needles. 

Silver  Fumarate,  C^HgO^Agg,  is  so  slightly  soluble  in  water 
that  the  solution  of  the  acid  in  200,000  parts  of  water  is 
rendered  milk}''  by  silver  nitrate.  In  more  concentrated  solu- 
tions it  is  obtained  as  an  amorphous  precipitate,  which  in  the 
dry  state  deflagrates  on  heating,  like  gunpowder, 

fformal  Ethyl  Famarate,  GJ^-2^^{0fi^.p  was  obtained  by 
Hagen  when  endeavouring  to  prepare  the  corresponding  salt 
of  malic  acid.  For  this  purpose  he  passed  hydrochloric  acid 
gas  into  a  solution  of  malic  acid  in  absolute  alcohol  and  distilled 
the  product.  He  then  also  prepared  it  in  a  similar  way  from 
fumaric  acid.^  Perkin  and  Duppa  obtained  the  same  compound 
by  acting  with  alcohol  on  the  fumaryl  chloride  obtained  from 
malic  acid,  and  Henry  prepared  it  by  distilling  ethyl  malate 
with  phosphorus  pentachloride.^  This  salt  is  also  formed 
when  fumaric  is  heated  to  120°  with  absolute  alcohol,^  as  also 
by  the  action  of  ethyl  iodide  on  silver  fumarate.*  It  is  a 
slightly  smelling  liquid  boiling  at  218°-5  and  having  a  specific 
gravity  at  ITo  of  1-0522,  that  of  its  vapour  being  5-92.5  ^ihjV 
fumarate  unites  readily  with  bromine  to  form  ethyl  dibromsuc- 
cinate.  It  decomposes  with  ammonia  forming  fiimaramide, 
C2H2(CO.]S[H2)2,  a  body  forming  glistening  scales  insoluble  in 
cold  water  and  alcohol. 

Acid  Ethyl' Fitmavate,  orEthyl  Fumaric  Acid, 0^^2^^(0.213.^)011, 
is  formed  together  with  the  normal  salt  by  the  methods 
described  by  Hagen  and  taubenheimer.  It  is  deposited  in 
laminea  which  possess  a  fatty  feel,  are  difficultly  soluble  in  cold 
water,  and  fuse  when  gently  heated  (Laubenheimer). 

Methyl  Fumarate,    C4H204(CH3)2,   forms   colourless    crystals 

^  Ann.  Chem.  Pharm,  xxxviii.  274.  ^  Ih.  clvi.  177. 

'  Laubenheimer,  Anri.  Ohem...  Ffiarm:^  clxiv.  294. 
*  Anschtitz,  Ber.  Deutsch.  Chem,  Ges.  xii.  2280. 
'  Hubner  and  Schreiber,  Zeitsch.Ch&m,  1871,  712.- 
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which  are  difficultly  soluble  in  cold  but  dissolve  easily  in  hot 
water,  and  volatilize  in  a  current  of  steam,  producing  a  pleasant 
smell.     It  melts  at  102°  and  boils  at  192°  (Anschiitz). 

Maleic  Acid. 

604  This  is  not  found  ready  formed  in  the  vegetable  king- 
dom. It  was,  however,  formerly  supposed  to  occur  in  Eqiiisehim 
flitviatile ;  but  afterwards  the  acid  found  in  these  plants  was 
shown  to  be  its  polymeride  aconitic  acid,  CgHgOg.  Maleic  acid 
crystallizes  in  rhombic  prisms,  is  very  easily  soluble  in  water, 
and  also  dissolves  in  alcohol  and  ether.  Its  taste  is  sour  at  first, 
but  soon  excites  an  unpleasant  sensation  of  nausea.  It  melts  at 
about  130°,  and  the  liquid  sohdifies  if  kept  for  soine  time  at 
this  temperature,  fu  marie  acid  being  formed,  a  change  which 
also  occurs  when  it  is  boiled  with  mineral  acids.  It  behaves 
like  fumaric  acid  with  nascent  hydrogen  and  hydriodic  acid,  and 
also  yields  the  same  products  on  electrolysis  (Kekule).  It  is 
distinguished  from  fumaric  acid,  inasmuch  as  it  is  attacked  by 
fuming  hydrobromic  acid  in  the  cold,  being  then  converted  into, 
equal  molecules  of  monobromsuccinic  acid  and  fumaric  acid 
(Fittig  and  Dorn).  Its  action  with  bromine  is  similar,  inas- 
much as  a  part  is  converted  into  fumaric  acid,  some  of  which 
again  unites  with  bromine  to  form  dibrom succinic  acid.  Ajiother 
portion  of  the  maleic  acid,  however,  combines  directly  with 
bromine  to  form  isodihvmsuccinic  acid^  C2H2Br2 (CO 311)2,  a  body 
easily  soluble  in  water  and  crystallizing  in  scales  melting  at 
160°,  and  decomposing  into  hydrobromic  and  isobrommaleic 
acids  (Kekule;  Fittig  and  Petri). 

The  Maleates.  Most  of  the  maleates  are  soluble  in  water  and 
are  not  precipitated  by  ferric  chloride.  The  normal  maleates  of 
the  alkali  metals  crystallize  with  diflficulty.  The  acid  ones,  which 
and  less  soluble,  crystallize  more  readily.  Those  of  the  metals  of 
the  alkaline-earths  are  somewhat  soluble  in  cold  water,  the  most 
insoluble  being  harmm  maleate,  C4H204Ba+2H20,  crystallizing 
in  shining  needles  united  m  stellated  groups.  Maleic  acid  gives 
with  baryta  water  a  granular  precipitate,  which  after  some  time 
is  converted  into  crystalline  scales  (Lassaigne  ;  Pelouze).  The 
acid  salts  are  easily  soluble  and  crystallizable. 

Lead  Maleate,  G^Hfi^h+SKfi.  Maleic  acid  gives  a  pre- 
cipitate with  solution  of  sugar  of  lead,  which  soon  changes  into 
shining  micaceous  laminae. 
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Normal  Silver  Maleate,  C^HsO^Agg,  forms  a  while  amorphous 
precipitate  which  changes  in  a  few  hours  to  tolerably  large  trans- 
parent colourless  crystals  having  an  adamantine  lustre.  These 
detonate  shghtly  on  application  of  a  gentle  heat. 

Acid  Silver  Maleate,  C^HgO^Ag,  is  obtained  in  fine  colourless 
needles  on  mixing  not  too  dilute  solutions  of  maleic  acid  and 
nitrate  of  silver.^ 

Methyl  Maleate,  G^II.^O^(GIi^)^,  is  obtained  by  the  action  of 
methyl  iodide  on  silver  maleate.  It  is  a  pleasantly  smelling 
liquid  boiling  at  205°. 

Mhyl  Maleate^  ^411204(02115)2,  is  prepared  in  a  similar  way 
and  boils  at  225°. 

When  these  ethereal  salts  are  heated  with  a  small  quantity 
of  iodine  they  are  converted  into  the  corresponding  salts  of 
fumaric  acid,  and  hence  it  is  necessary  in  their  preparation  to 
employ  the  iodides  in  a  perfectly  pure  state.  Bromine  vapour 
acts  in  the  same  way,  and  they  combine  with  an  excess  of 
bromine  to  form  salts  of  dibromsuccinic  acid. 

605  Maleyl  Oxide  or  Maleic  Anhydride,  C^HgOg,  is  best  ob- 
tained as  follows.  Maleic  acid  is  subjected  to  dry  distillation 
until  the  residue  solidifies ;  the  distillate  is  then  evaporated  to 
dryness  and  the  crude  maleic  acid  thiTs  obtained,  together  with 
fumaric  acid,  is  treated  with  acetyl  chloride  : 

C^H^O^  +  C2H3OCI  =  C4H2O3  +  C2H3O.OH  +  HCl. 

The  product  is  purified  by  recrystallization  from  chloroform 
(Anschlitz). 

According  to  Perkin  it  is  also  easily  formed  when  mahc 
acid  is  treated  with  acetyl  chloride  and  the  whole  distilled,  when 
the  excess  of  acetyl  chloride  first  comes  over  and  next  the  acetic 
acid  which  is  formed  in  the  reaction.  It  is  also  formed  by  the 
action  of  silver  fumarate  on  fumaryl  chloride.^  It  crystallizes 
in  needle-shaped  prisms  melting  at  53°  and  boiling  at  202". 
Its  vapour  has  a  specific  gravity  of  S'^O.^  It  passes  easily  by 
absorption  of  water  into  maleic  acid  and  combines  with  bromine 
to  form  isodihromsitccinic  anhydride,  C4H2Br^03  (Kekule). 

In  order  to  prepare  this  latter  body,  pure  maleic  anhydride 
is    dissolved    in   anhydrous   chloroform   and   heated   with    the 

^  Anschiitz,  Ber.  Deutsch.  Chem.  Ges.  xii.  2280. 

2  Ghem,  Soe,  Journ.  1881,  i.  559.  See  also  Anschiitz,  Bcr.  Deutsch.  Chem,  Ges. 
xiv.  2791. 

3  Hiibner  and  Schreiber,  ZHtsch.  Chem.  1871,  712. 
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calculated  quantity  of  bromine  to  100°.  After  removing  the 
chloroform,  a  yellow  oil  remains,  and  this  after  a  time,  deposits 
tabular  crystals  melting  at  32°.  This  body  absorbs  moisture 
from  the  air  with  the  greatest  avidity,  and  on  addition  of 
"water  to  it  violent  ebullition  takes  place,  isodibromsuccinic  acid 
being  formed  and  tliis  is  the  best  way  of  preparing  this  sub- 
stance in  a  pure  state. ■•■ 

Brommaleic  Acid,  C^HsBrO^,  is  formed  by  boiling  dibrom- 
succinic  acid  with  water.  It  forms  large  transparent  crystals 
melting  at  128°.  By  the  action  of  water  and  sodium  amalgam 
it  is  first  converted  into  fumaric  acid. 

Isobrommaleic  Acid  is  obtained  in  the  same  way  from 
isodibromsuccinic  acid.  It  crystallizes  in  large  tablets  melting  at 
177° — 178°  and  behaving  with  sodium  amal.eam  like  the  fore- 
going compound.  Both  acids  yield  on  distillation  hvmmaleic 
anhydride,  C^HBrOg.  This  is  an  oily  liquid  boiling  at  about 
212°  and  easily  combining  with  water  to  form  brommaleic  acid. 
This  latter  compound  combines  quickly  in  the  cold  with  fuming 
hydrobromic  acid  to  form  dibromsuccinic  acid,  and  at  the  same 
time  a  portion  is  converted  into  isobrommaleic  acid,  whilst  the 
latter  combines  with  hydrobromic  acid  only  slowly  in  the  cold 
but  quickly  when  heated,  to  form  both  the  dibromsuccinic 
acids.  This  reaction  shows  that  isobrommaleic  acid  is  hrom- 
fitmaric  acid  (Fittig  and  Petri). 

This  last  substance  combines  only  slowly,  whilst  brommaleic 
acid  unites  quickly,  with  bromine  to  form  trihromsiiccinic  acid, 
GgHBrg (00311)2,  a  body  extremely  soluble  in  water  and  crystal- 
lizing in  short  bushy  needles,  melting  at  136° — 137°  and  being 
readily  deliquescent.  When  heated  with  water  it  decomposes 
into  carbon  dioxide,  hydrobromic  acid  and  dibromacrylic  acid, 
CgHEr^.CO.H  (Petri  and  Fittig). 

606,  CoiistitiUion  of  Fumaric  and  Mcdeic  Acids.  After  haying 
shown  that  both  these  acids  combine  with  hydrogen  to  form 
succinic  acid,  but  that  they  yield  two  isomeric  dibromsuccinic 
acids  when  they  unite  with  bromine,  Kekule  discussed  their 
probable  constitution,  and  arrived  at  the  conclusion  that  they 
are  unsaturated  compounds  containing  free  combining  units 
situated  at  different  positions  in  the  molecule,  thus  causing 
their  isomerism.^  But  we  are  now  aware,  as  will  be  explained 
under   tartaric   acid,    that    dibromsuccinic   acid    possesses   the 

J  Pictet,  Ber.  Dcutsch.  Chem,  Ges.  xiii.  1669. 
-  yinn.  Chem.  Pliarvi.  Suppl.  ii.  ,1X1. 
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constitution  GOgH.CHBr.CHBr.COgH  and  hence  the  constitution 
of  the  two  acids  must  be  represented  as  follows  : 

Fumaric  Acid.  Maleic  Acid. 

— CH.CO0H  ZZCCO^H 

I  "  I 

— CH.CO2H.  CH2.CO2H. 

Kekult5  and  Swarts  afterwards  supported  the  view  that  fumaric 
acid  is  a  saturated  compound,  the  two  carbon  atoms  being 
connected  by  two  combining  units  with  one  another,  whilst  in 
maleic  acid  the  existence  of  free  combining  units  must  be 
assumed.^ 

In  the  same  way  Kekule  explained  other  cases  of  isomerism 
and  assumed  that  carbon  atoms  which  unite  directly  with 
hydrogen  or  with  the  elements  of  the  chlorine  group,  &c.,  either 
contain  carbon  atoms  doubly  or  trebly  linked,  or  that  they  con- 
tain free  combining  units. 

The  latter  view  was  afterwards  rejected  by  most  chemists  as 
the  constitution  of  such  compounds  can  be  explained  without 
this  assumption.  According  to  this,  the  constitution  of  the  two 
acids  will  be  as  follows : 

Fumario  Acid,  Maleic  Acid. 

:CH.CO,H  CHg 

II  II 

CH.CO2H.  C(C0,H)2. 

Many  weighty  reasons  may,  however,  be  cited  against  the 
above  formula  for  maleic  acid,  especially  the  fact  that  these 
two  acids  are  so  readily  convertible  the  one  into  the  other. 
Besides,  if  maleic  acid  contain  tw^o  carboxyls  combined  with  one 
carbon  atom  it  could  not  yield  an  anhydride  on  heating,  but 
must,  like  isobutyric  acid  and  similar  acids,  decompose  into 
carbon  dioxide  and  monobasic  acrylic  acid,  and  when  it  combines 
with  hydrogen  give  rise  to  isosuccinic  acid. 

Another  hypothesis  of  considerable  probability  has  been  pro- 
pounded by*^  Van't  Hoff.  According  to  this,  the  isomerism 
cannot  be  explained  by  the  ordinary  graphical  formulse  because 
these  represent  the  atoms  as  an-anged  in  one  plane  instead  of  in 
space.2  If  we  imagine  the  four  combining  units  of  a  carbon  atom 
forming  the  comers  of  a  tetrahedron  in  whose  centre  the  atom 

1  ZcitschrifL  Ghcm.  [2],  iii.  654. 

2  LagcruTig  der  Jtome  in  Raume. 

\1B 
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is  situated,  we  then  obtain  the  following  glyptic  formula  for 
succinic  acid  : 


CO^H 


CO.IT 


In  this  no  cases  of  isomerism  can  occur.  If  the  atoms  of 
hydrogen  or  the  carboxyls  which  are  combined  with  one  of  the 
carbon  atoms  are  arranged  in  another  way,  we  obtain  the 
above  figure  again  by  turning  the  tetrahedron.  If,  however, 
two  atoms  of  hydrogen  be  withdrawn  from  succinic  acid  the 
two  following  isomeric  acids  are  possible  : 


Fumaric  Acid. 
II  „ ^COoK 


Maleic  Acid. 

I-Ir ,COJH 


cty-1 


COaH 


Fittig,  who,  with  his  pupils,  has  in\^estigated  thesa  acids  very 
•completely,  comes,  however,  to  the  conclusion  that  maleic 
•acid  contains  free  combining  units  and  gives  the  following 
formulse : 

Fumaric  Acid.  J^Ialeic  Acid. 


CH.CO2H 


CH.QO0H. 


CH2.CO2H 

I 

=C.C02H. 


The   varying  reactions  of  bromine,  hydrobromic  acid,  &c. ,  can 
thus  be  explained  in  a  simple  way,  as  well  as  the   fact  that 


TARTARIC  ACIDS.  217 


dibromsuccinic  is  converted  into  brommaleic  acid  by  the 
sepaxation  of  hydrobromic  acid,  whilst  isodibromsuccinic  acid 
on  the  other  hand  is  converted  into  bromfumaric  acid  as  is 
shown  as  follows  :  ^ 

Dibromsuccinic  Acid.  Isodibromsuccinic  Acid. 

CHBr.CO^H  CH„.CO„H 

I  I 

CHBr.COaH.  CBr^-CO^H. 

Brommaleic  Acid.  Bromfumaric  Acid. 

CHBr.COoH  CH.CO,H 

I  II 

— C.COgH.  CBr.COaH. 


DIOXYSUCCINIC  ACID,  OR  TARTARIC  ACID, 

C,H,(0H)2(C0,H),. 

607  The  substance  known  under  the  name  of  cream  of  tartar, 
gradually  deposited  from  grape-juice  on  standing,  is  the  acid 
potassium  salt  of  common  tartaric  acid.  The  existence  of  this 
subject  was  noticed  by  the  Greeks,  who  termed  it  rpv^,  or 
wine-lees,  and  it  was  known  to  the  Romans  as  faex  vin%  the 
latter  people  being  acquainted  with  the  mode  of  preparing  an 
alkali  from  it  by  ignition.  The  alchemists  of  the  eleventh 
century  termed  it  tartarum,  or  afterwards  tartarus,  an  expres- 
sion derived  from  the  Arabic  tartir,  a  word  which  is  used  to 
designate  not  only  the  powder  deposited  by  wine,  but  also  that 
formed  on  the  teeth.  T]ns  word  "  tartarus  "  was  afterwards  used 
in  several  senses.  Paracelsus  gave  to  it  two  distinct  interpreta- 
tions ;  in  the  first  place  he  signified  by  this  the  cause  of  the 
diseases  of  the  kidney  and  liver,  gout  or  stone,  in  which  sedi- 
ments or,  concretionary  masses  are  deposited,  in  the  same 
sort  of  way  that  tartar  separates  out  from  wine.  In  the 
second  place,  however,  the  term  was  applied  to  the  pains  produc5ed 
by  the  disease,  resembling  the  torments  of  the  condemned  in 
Tartarus.  Geber  g^ve  to  the  juice  of  wine  containing  cream 
of  tartar  in  solution  the  name,  like  other  acids,  of  aqua 
dissolvenSf  or  aqua  dissohata,  and  compared  it  in  this  respect  to 
vinegar,  and  so  for  a  long  time  cream  of  tairtar  was  supposed 
to  be  a  true  acid.  Thus  in  the  Prussian  Pharmacopoeia  of  1781, 
^  Ann,  Chem.  Pharm.  clxxxviii.  95 ;  c:5cv.  56, 
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purified  cream  of  tartar  was  designated  acidicm  tartari.-  It 
was  not  believed  that  this  salt  itself  contained  the  alkali,  but 
rather  that  the  alkali  was  produced  in  the  act  of  burning, 
although  Kunkel,  in  1677,  had  shown  that  cream  of  tartar  can 
be  converted  into  an  alkali  by  boiling  it  with  lime,  its  earthy 
constituents  being  rendered  insoluble.  Similar  observations 
were  made  by  Duhamel  and  Grosse,  in  1732,  who  believed  that 
the  potassium  tartrate,  formed  at  the  same  time,  was  tartrate  of 
lime.  Marggraf,  in  1764,  then  showed  that  cream  of  tartar 
contains  an  alkali,  but  he  did  not  determine  what  combines  with 
the  lime  when  the  salt  is  boiled  with  this  alkaline-earth.  Scheele, 
in  1769,  was  the  first  to  ascertain  this  point  and  to  obtain  tar- 
taric acid  by  decomposing  its  insoluble  lime  salt  with  suljohuric 
acid,  and  it  is  to  him  we  owe  the  first  satisfactory  investiga- 
tion of  this  acid  and  its  salts.  The  results  of  his  experiments 
were  communicated  to  Bergman  in  order  that  he  might  lay 
them  before  the  Stockholm  Academy.  This,  however,  through 
carelessness  he  failed  to  do,  and  in  consequence  Scheele  wrote 
the  Memoir  again,  handing  it  over  to  the  secretary  of  the 
Academy,  Eetzius.  At  his  request  it  was  then  printed,  in  1770, 
but  it  was  so  edited  that  much  of  the  credit  of,  the  research 
apparently  belonged  to  Betzius.^  This  was  Scheele's  first 
scientific  paper,  and,  owing  to  the  part  Bergman  took  in  this' 
matter,  Scheele  for  some  time  declined  to  make  his  acquaintance. 
This  feeling,  however,  soon  gave  place  to  more  amicable  relations, 
and  eventually  they  became  fast  friends.  Soon  after  Scheele's 
discovery,  tartaric  acid  was  manufactured  on  a  large  scale. 

Professor  John  of  Berlin  described  in  his  Dictionary  of 
Chemistry,  published  in  1819,  a  new  "Saure  aus  den  Yoghesen," 
which  came  into  commerce  as  oxalic  acid,  and  which  he  at  first 
believed  to  be  a  mixture  of  oxalic  and  tartaric  acids,  but  after- 
wards found  that  it  consisted  of  a  single  acid  closely  resembling, 
and  yet  distinctly  different  from  tartaric  acid.  When  on  a 
subsequent  occasion  Gay-Lussac  passed  through  Thann  in  the 
Voges,  he  obtained  some  of  this  acid  from  the  manufacturer 
Kestner,this  having  been  obtained  in  the  years  1822 — 1824  as  a 
by-product  in  the  preparation  of  tartaric  acid.  In  1826  on  his 
return  to  Paris  Gay-Lussac  investigated  this,  and  found  that  it 
was  a  peculiar  substance,  "  its  stochiometrical  number  agreeing 
however  within  a  few  thousandths  with  that  of  tartaric  acid."^ 

^  Ahh.  Schwcd.  Akad.  Wissensch.  1770,  207  ;  Orell.  Ckem.  Journ.  ii.  179. 
2  Sckweigg,  Journ.  xlviii.  381. 
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At  the  same  time  Walchner  occxipied  himself  with  the  investi- 
gation of  the  same  body/  to  which  Gmelin,  in  1829,  gave  the 
name  of  racemic  acid  (Traubensaiire),  and  soon  afterwards 
Berzehus  showed  that  it  possesses  the  same  composition  as 
tartaric  acid,  and  this  was  the  first  instance  of  the  introduction 
of  the  idea  of  isomerism  into  the  science.^  Biot  then  showed 
that  tartaric  acid  and  racemic  acid  act  optically  differently,  for 
whilst  the  aqueous  solution  of  the  first  rotates  the  plane  of 
polarized  light  to  the  right,  the  latter  is  altogether  inactive.^ 
This  was  shown  by  Pasteur  to  be  due  to  the  fact  that  racemic 
acid  is  a  compound  of  equal  molecules  of  common  tartaric  acid 
and  another  acid  which  deviates  the  plane  of  polarized  light  as 
much  to  the  left  as  the  first  one  does  to  the  right.^  He  also 
showed  that  another  inactive  tartaric  acid  exists  which  is  dis- 
tinguished from  racemic  acid,  inasmuch  as  it  cannot  be  decom- 
posed into  two  optically  active  modifications,  and  he,  as  well  as 
other  chemists,  further  proved  that  the  various  tartaric  acids 
may  be  converted  the  one  into  the  other.  This  matter  will  be 
further  discussed  hereafter. 

The  modifications  of  tartaric  acid  are  also  formed  in  the  oxida- 
tion, by  nitric  acid,of  various  kinds  of  sugars  and  other  carbo- 
hydrates (see  Sugars). 

608  Synthetical  Production  of  Tartaric  Acid.  Tartaric  acid 
may  be  obtained  synthetically  by  several  processes.  (1)  When 
the  silver  salt  of  dibromsuccinic  acid  is  boiled  "with  water  the 
following  reaction  takes  place  ; 

CO^Ag  CO2H 

CHBr  CH.OH 

I  +     2H,0     =      I  -f     2AgBr. 

CHBr  CH.OH 

CO^Ag  CO^H 

Instead  of  the  above  reaction  the  calcium  salt  may  be 
boiled  with  lime  water.^ 

The  acid  obtained  from  dibromsuccinic  acid  is  a  mixture  of 
racemic  acid  and  inactive  tartaric  acid  or  mesotartaric  acid.® 

1  Schweigg.  Joum.  xlix.  238.  ^  Pogg,  Ann.  xix,  319. 

3  Arm.  Chim.  Phys.  [2],  Ixix.  27. 

*  26.  [2],  xxiv.  442  ;  xxviii.  56  ;  Comptes  liendus^  xxxvi.  26  ;  xxsviu  162  ; 
Bee  also  Pog.  Ann.  Ixxx.  127  ;  xc.  498,  504. 

^  KekuM,  Ann.  Chem.  Pharm.  cxvii.  124;  Suppl.  i.  375  ;  Perkin  and  Duppa, 
ib.  cxvii.  130. 

^  Pasteur,  Ib.  Suppl.  ii,  242  ;  Jungfleisch,  Bull.  Soc.  Chim,  [2 J,  xix.  198. 
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Conversely  tartaric  acid  when  treated  with  hydriodic  acid  is 
converted  into  the  corresponding  modification  of  malic  acid,  and 
afterwards  reduced  to  succinic  acid. 

(2)  An  acid  is  obtained  very  similar  to  racemic  acid  by  boiling 
oxalaldehyde  (glyoxal)  with  hydrocyanic  acid  and  hydrochloric 
acid,^  but  this  acid  is  not  capable  of  being  decomposed  into 
dextro-  and  loBvro-rotatory  acid.^  Its  mode  of  formation  is 
similar  to  that  of  lactic  acid  from  aldehyde,  and  is  represented 
thus: 

CO.OII 

I 
COH  CH.OH 

I  +  2CNH  +  2HC1  +  4H2O  =    I  +  2NH.CL 

COH  CH.OH 

CO.OH 

(3)  It  has  already  been  stated  that  an  acid  probably  identical 
with  the  foregoing  is  formed  together  with  glycollic  acid,  when 
an  alcoholic  solution  of  ethyl  oxalate  is  treated  with  sodium 
amalgam.^  In  this  way  ethyl  glyoxylate  is  doubtless  formed  to 
begin  with : 

CO.OC2H5  COH 

I  -h     H2     =      I  -h     HO.C2H,. 

CO.OC2H5  CO.OC2H5 

A  part  of  this  then  combines  with  hydrogen  to  form  ethyl 
glycolate,  but  another  part  taking  up  only  one  atom  of  hydrogen 
forms  the  unsaturated  molecule,  CH(OH)CO.OC2H5,  two  of 
which  combine  together  to  form  ethyl  tartrate.  This  reaction 
is  of  great  importance  as  carbon  dioxide  is  easily  converted 
into  oxahc  acid,  and  this  in  a  simple  way  into  glycollic  and 
tartaric  acids,  these  two  latter  occurring  together  in  plants, 
as  for  example  in  the  turnip,  grape,  and  in  the  leaves  of  the 
Virginian  creeper. 

1  Strecker,  Zeitsch.  Chem.  1868,  216. 

-  Stadel,  £er,  Deutsch.  Chem.  Qes.  xi,  1752. 

"  Debus,  Journ,  Chem,  Soc.  xxv.  365. 
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COMMON,   OR   DEXTRO-ROTATORY,   TARTARIC 

ACID. 

609  This  acid  is  widely  distributed  in  the  vegetable  kingdom, 
occurring  in  the  free  state  or  in  the  form  of  a  salt,  especially  as 
acid  potassium  tartrate,  in  various  fruits,  frequently  together 
with  malic  acid.  It  is  found  in  the  berries  of  the  mountain-ash, 
the  berries  of  the  sumachs,  in  tamarinds,  in  mulberries,  pine 
apples,  &c.  It  also  occurs  in  the  sap  of  the  vine,  and  in  large 
quantities  in  the  juice  of  the  grape.  Wine  produced  from  the 
latter  source  gradually  deposits  crude  argol  in  crystalline  crusts, 
and  this  consists  chiefly  of  acid  potassium  tartrate,  but  also 
contains  calcium  tartrate  and  the  corresponding  salts  of  the 
isomeride,  racemic  acid.  Its  presence  has  also  been  detected  in 
potatoes,  cucumbers,  chelidonium  maJKs,  quassia,  Iceland-moss, 
black-pepper,  madder-root,  &c. 

Argol  is  always  used  for  the  preparation  of  tartaric  acid,  the 
method  being  almost  exactly  that  originally  proposed  by  Scheele, 
but  more  accurately  described  by  Klaproth.^  Respecting  the 
manufacture  Wiirtz  gives  the  following  particulars.^ 

From  500  to  700  kilograms  of  crude  argol  are  brought  into 
a  large  vat  nearly  filled  up  with  water  and  the  whole  heated 
with  steam  to  the  boiling  point,  and  then  chalk  powder 
added  until  almost  neutral.  The  calcium  tartrate  is  then 
filtered  off,  and  the  solution  precipitated  with  calcium  chloride. 
Gypsum  may  also  be  employed  instead  of  chalk  ;  it  of  course 
acts  more  slowly,  but  decomposes  the  potassium  tartrate 
after  lapse  of  a  few  hours.  Calcium  tartrate  prepared  ac- 
cording to  one  of  these  processes  is  then  washed  with  water 
and  decomposed  by  an  excess  of  sulphuric  acid,  the  whole  being 
heated  by  steam  up  to  75°.  The  solution  is  concentrated  in 
leaden  pans  and  allowed  to  cool,  when  the  crystals  separate  out, 
and  these  are  dried  in  a  centrifugal  machine.  Fresh  crops  are 
obtained  on  concentrating  the  mother-liquor,  until  it  becomes 
too  impure,  when  it  is  worked  up  again  as  raw  material. 
In  order  to  purify  the  crude  acid  it  is  dissolved  in  warm  water 
and  decolourized  by  addition    of  animal   charcoal,    the    whole 

1  Diss,  do  sale  csscntiali  tartaric  GoUingen,  1779. 

2  Chtm.  Ccntralb.  1871,  713  ;  Ber.  Entw.  Chem.  Xnd.  ii.  418. 
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filtered,  a  small  quantity  of  sulphuric  acid  added,  and  the 
solution  concentrated  to  the  point  of  crystallization.  Wooden 
vessels  are  used,  generally  covered  with  a  lining  of  lead.  The 
addition  of  sulphuric  acid  improves  the  form  and  size  of  the 
crystals  as  required  for  market.  The  crystals  always  contain 
small  quantities  of  lead  and  sulphuric  acid.  For  pharmaceutical 
purposes  they  are  purified  by  recrystallization  from  hot  water. 

Another  raw  material  employed  for  the  preparation  of  tartaric 
acid  is  the  wine-lees  left  behind  in  the  distillation  of  brandy. 
This  is  heated  with  dilute  hydrochloric  acid,  allowed  to  deposit, 
the  clear  liquid  poured  off,  and  the  whole  neutralized  with  lime, 
when  calcium  tartrate  falls  down  and  is  worked  up  in  the  way 
above  described. 

6io  Po-oioertics.  Tartaric  acid  crystallizes  in  large  transparent 
monoclinic  prisms,  having  a  specific  gravity  of  1*764.  These, 
like  sugar,  become  luminous  when  rubbed  in  the  dark,  and 
they  possess  a  strong  purely  acid  taste.  100  parts  of  water 
at  15°  dissolve  138  parts  of  the  acid,  and  it  is  still  more  soluble 
in  hot  water.  It  is  also  readily  soluble  in  alcohol;  100  parts 
of  absolute  alcohol  at  15°  dissolve  20'385  parts  of  the  acid, 
whilst  dilute  alcohol  dissolves  it  the  more  readily  the  weaker  it 
is.  On  the  other  hand  it  is  only  slightly  soluble  in  ether,  100 
parts  of  the  liquid  dissolving  at  15°  only  0*393  part.^ 

It  has  already  been  stated  that  aqueous  solutions  of  tartaric 
acid  deviate  the  ray  of  polarized  light  to  the  right.  Mineral 
acids  diminish  this  rotatory  power,  and  its  solutions  in  wood- 
spirit,  alcohol,  and  acetone,  exert  only  a  weak  dextro-action, 
whilst  a  solution  in  anhydrous  ether  or  acetone  is  slightly 
Ifevro-gyratory.^ 

Tartaric  acid  melts  at  135°,  first  passing  into  its  isomeride 
metatartaric  acid,  and  this  when  more  strongly  heated  yields 
with  loss  of  water  an  anhydride-like  compound.  These  bodies 
will  be  afterwards  described.  When  tartaric  acid  is  subjected 
to  dry  distillation,  acetic  acid,  pyroracemic  acids,  C3H4O3,  pyro- 
tartaric  acid,  CgHgO^,  and  pyrotritartaric  acid,  C^HgOg,  are 
formed.  In  addition  to  these,  carbon  monoxide,  carbon  dioxide, 
aldehyde,  formic  acid,  acetone,  &c.,  are  formed,  and  also  in  very 
small  quantity  clipyrotctraGetone  CgH^^gOg,  an  aromatic  smelling 
liquid  which  boils  at  230°.3 

'  Bourgoin,  Bull.  Soc.  CMm.  [2],  xxix.  244. 
^  Landolt,  Ber.  Deutsch.  Chew.  Ges.  xiii.  2329. 
3  Bourgoin,  Bull.  Soc.  Chim.  [2],  xxix.  309. 
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When  tartaric  acid  is  treated  with  phosphorus  pentachloride 
ciilormalcijl  chloride  is  formed  : 

CH2(OH)2(CO.OH)2  +  4PC1,=C2HC1(C0CI)2  +  4POCI3+  5HCL 

This  is  a  heavy  oily  liquid  decomposed  by  water  into  chlor- 
maleic  acid,  C2HC1(C02H)2,  a  body  crystallizing  in  easily  soluble 
needles.^ 

Most  oxidizing  agents  convert  tartaric  acid  into  formic  acid. 
Thus  if  5  parts  of  the  well-dried  acid  be  triturated  with  16  parts 
of  lead  dioxide  the  mass  becomes  incandescent,  and  carbon  dioxide 
is  evolved,  having  a  smell  of  formic  acid.^  When  tartaric  acid 
is  boiled  with  potash  or  ammonia  and  silver  oxide,  the  latter  is 
reduced,  with  formation  of  carbon  dioxide  and  oxalic  acid.^  In 
dilute  solution  it  also  reduces  the  chlorides  of  gold  and  platinum 
and  precipitates  calomel  from  solutions  of  corrosive  sublimate. 

If  tartaric  acid  be  fused  wdth  caustic  potash,  acetic  and  oxalic 
acids  are  formed,  and  when  electrolyzed  it  yields  hydrogen, 
carbon  dioxide,  and  acetic  acid.* 

Tartaric  acid  is  used  in  medicine,  in  the  processes  of  dyeing 
and  calico  printing,  in  photography,  &c. 
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611  Tartaric  acid  is  a  strong  dibasic  acid  and  therefore  forms 
a  large  number  of  saltSj  which  have  been  very  carefully  inves- 
tigated.^ Besides  the  acid  and  normal  salts  containing  the 
same  metal,  many  are  known  containing  two  different  metals,  and 
also  a  few  so-called  basic  salts  in  which  the  hydrogen  of  the 
alcohohc  hydroxyls  are  also  replaced  by  metals.  Tartaric  acid 
also  forms  with  antimony  and  other  triad  elements,  a  class 
of  peculiar  compounds  whose  constitution  will  be  discussed 
hereafter.  The  tartrates  are,  like  tartaric  acid  itself,  dextro- 
rotatory. 

^  Perkin  and  Duppa,  Phil.  Mag.  [4],  xvii.  280. 

^  "Walker,  Pogg.  Ann.  v.  536  ;  Bottger,  Journ.  Prakt.  Chcm.  viii   477  (or  497). 

^  Erdmann,  Ann.  Pharm.  xxi.  14 ;  Glaus,  Per.  Dcutsch.  Chem.  G-s.  viii.  950. 

^  Kekule,  Ann,  Chain,  Pharm,  cxxxi.  88  ;  Bourgoin,  Bull.  Soc.  Chim.  [2],  xi. 
405. 

^  Dulk,  Ann.  PJiarm.  ii.  39  ;  Berzelius,  ih.  xxx.  88  ;  xxxi.  28  ;  Knapp,  xxxii. 
76  ;  "Werther,  ib,  lii.  308  ;  Dumas  and  Piria,  Ami.  Chim.  Phys.  [3],  v.  353  ; 
Peligot,  Ann.  Chim.  Phys.  [3],  xii.  562  ;  de  la  Provastaye,  Ann.  Chim.  Phys.  [3], 
iii.  129. 
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Normal  Potassium  Tartrate,  2Q^fi^^  +  ^fi,  has  been 
known  since  the  sixteenth  century,  and  was  formerly  termed 
samech  Faracdsi,  but  afterwards  when  obtained  by  neuirahzing 
cream  of  tartar  with  salt  of  tartar  (carbonate  of  potash),  it  was 
termed  tartarus  tartarisatns^  or  tartarus  sohchilis.  It  was  like- 
wise prepared  by  neutralizing  cream  of  tartar  with  lime,  which 
was  thought  to  remain  in  combination  with  the  tartar,  until  the 
researches  of  Marggraf  and  Roulle  proved,  in  1770,  that  the 
salt  obtained  by  this  method  also  contains  no  base  but  potash. 
It  forms  monoclinic  prisms  easily  soluble  in  water,  and  is  used  in 
medicine. 

Acid  Fotassitom  Tartrate,  C^H^O^KH,  is  deposited,  in  the  pro- 
cess of  fermenting  wine,  in  crystalHne  crusts  containing  colour- 
ing matter  and  calcium  tartrate,  and  is  known  in  commerce  as 
argol. 

In  order  to  purify  the  crude  tartar  it  is  dissolved  in  hot  water, 
and  the  filtered  solution  allowed  to  cool.  The  deposited  crystals, 
which  are  still  coloured,  are  again  dissolved  in  hot  water  and 
recrystallized,  some  clay  or  white-of-egg  being  added  in  order  to 
absorb  the  colouring  matter.  A  small  quantity  of  carbonate 
of  potash  is  also  introduced  in  order  to  decompose  any  calcium 
tartrate  which  may  be  present.  This  latter  salt,  which  fre- 
quently occurs  in  purified  cream  of  tartar,  is  best  removed  by 
heating  it  with  diluted  hydrochloric  acid  and  washing  with 
water. 

The  crude  tartar  may  also  be  dissolved  by  carbonate  of  soda, 
filtered  and  precipitated  with  hydrochloric  acid. 

Pure  cream  of  tartar  forms  hard  rhombic  crystals,  having  a 
pleasant  sour  taste,  and  being  soluble  at  the  ordinary  temperature 
in  about  200  parts  of  cold,  and  in  15  parts  of  hot  water.  It  is 
still  less  soluble  in  dilute  alcohol,  for  which  reason  it  is  deposited 
in  the  fermentation  of  wine.  It  is  used  for  the  preparation  of 
pure  potassium  carbonate,  in  soldering  silver,  in  the  processes 
of  tinnhig  and  silvering,  in  dyeing,  and  for  medical  purposes,  &c. 

6i2  Normal  Sodium  Tartrate,  C^H^OgNa^  +  2H^0,  crystallizes 
in  needles  or  rhombic  prisms,  easily  soluble  in  water.  The  acid 
salt  crystallizes  with  one  molecule  of  water,  also  in  the  rhombic 
system.  It  is  much  more  soluble  in  water  than  the  corresponding 
potassium  salt. 

Fotassium  Sodium  Tartrate,  Q^fi^l^d.-\-'^'K^O,  was  dis- 
covered in  1672  by  Seignette,  an  apothecary  in  Rochelle,  and 
termed  after  him  Seignette's  salt  {sal  polychrestum  Seignctti),  or 
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Kochelle  salt.  The  mode  of  preparation  of  this  salt,  which  was 
esteemed  as  a  very  valuable  medicine,  was  kept  a  secret  tmtil 
probably  the  same  chance  by  which  Seignette  discovered  it  made 
it  known  to  others.  This  consisted  in  the  use  of  soda  in  the 
place  of  some  of  the  potash,  the  differences  between  the  two 
alkalis  not  being  then  recognised.  Boulduc  obtained  the  salt 
in  1731,  and  in  the  same  year  Geoffrey  communicated  the 
proofs  of  manufacture  to  the  Royal  Society.^ 

In  order  to  prepare  it,  a  boiling  solution  of  carbonate  of  soda 
is  neutralized  with  cream  of  tartar,  and  the  concentrated  solution 
allowed  to  cool.  The  salt  crystallizes  in  large  rhombic  prisms 
which  dissolve  readily  in  water.  It  is  used  as  a  mild  aperient 
and  also  for  silvering  glass  (Vol.  II.,  Pai't  I.,  p.  364). 

Normal  Lithium  Tartrate  forms  an  easily  soluble  uncrystal- 
lizable  mass.  The  acid  salt,  C^H^OgLiH  +  HgO,  deposits  in 
small  rhombic  crystals  which  easily  dissolve  in  water. 

The  Tartrates  of  EuMdium  and  Cmsiitm,  The  acid  salts  of 
these  metals  resemble  the  potassium  salt,  but  are  more  easily 
soluble,  especially  that  of  csesium,  the  normal  salt  of  which  is 
deliquescent.  Upon  these  properties  Bunsen  has  founded  a 
method  for  separating  these  two  metals  (Vol.  II.,  Part  I.,  p.  172). 

613  Calcium  Tartrate,  C^H^OgCa  +  4H2O,  is  found  in  the  vege- 
table kingdom,  as  in  grapes  and  senna  leaves.  It  forms  rhombic 
pyramids  or  prisms,  and  is  obtained  as  a  crystalline  precipitate 
when  a  solution  of  a  normal  tartrate  is  mixed  with  one  of  calcium 
chloride.  The  hydrated  salt  dissolves  in  6,265  parts  of  water 
at  15°,  and  in  352  parts  at  100°.  The  tartrates  of  the  alkali 
metals  dissolve  it  with  formation  of  double  salts.  It  is  soluble 
in  ammoniacal  salts  and  in  alkalis.  Boiled  in  alkaline  solution 
it  separates  out  as  a  jelly. 

Acid  Calcium  Tartrate,  (0^^^)^^,  occurs  according  to  John 
in  the  fruit  of  the  Rhus  typhimcm,  and  is  formed  when  the 
freshly  prepared  normal  salt  is  dissolved  in  a  hot  solution  of 
tartaric  acid.  It  forms  rhombic  crystals  dissolving  at  15°  in 
140  parts  of  water. 

Normal  Barium  Tartrate,  C^H^OeBa  +  H^O,  is  obtained  as  an 
amorphous  precipitate  which  soon  becomes  crystalline.  It  is 
somewhat  more  soluble  in  water  than  the  calcium  salt,  whilst 
strontium  tartrate,  C^H^OgSr  +  4H2O,  is  still  more  soluble,  and 
crystallizes  in  rhombic  tables. 

Lead  Tartrate,  C^Hp^Pb,  is  precipitated  by  tartaric  acid  from 

^  Phil.  Trans,  abridged  vol.  ix.  393. 
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a  soluble  lead  salt  as  a  crystalline  powder.  It  is  scarcely  soluble 
in  water  but  dissolves  readily  in  tartaric  acid,  alkalis,  and 
ammonium  salts.  When  its  ammoniacal  solution  is  boiled  a 
crystalline  precipitate  of  C2H2(02Pb)(C02)2Pb -f  HgO  is  formed, 
insoluble  i  n  water,  acetic  acid ,  and  ammonium  salts,  but 
dissolving  in  caustic  potash. 

Copper  Tartrate,  C^H^OfjCuH-oHgO,  is  formed  by  precipitating 
copper  sulphate  with  a  normal  tartrate.  It  is  a  greenish-blue 
crystalline  powder  dissolving  slightly  in  cold,  but  more  readily  in 
hot  water,  and  readily  in  tartaric  acid.  It  dissolves  in  alkalis 
with  a  deep  blue  colour.  Hence  copper  salts  are  not  precipitated 
in  presence  of  tartaric  acid  by  caustic  potash,  &c.,  each  molecule 
of  acid  being  able  to  hold  in  solution  one  atom  of  copper,^ 
this  being  due  to  the  formation  of  the  salt,  (CHO)2Cu(C02K)2. 

Silver  Tartrate,  C^H^OgAgg,  is  obtained  as  a  curdy  precij)itate 
by  precipitating  silver  nitrate  with  Eochelle  salt.  If  warm 
solutions  are  used  it  separates  out  in  glistening  scales.  It  soon 
blackens  on  exposure  to  light,  and  is  partially  decomposed  by 
boiling  water,  and  completely  decomposed  in  the  presence  of 
ammonia  with  separation  of  silver. 

The  Tartrates  of  Iron.  Ferrous  tartrate,  C^H^OgFe,  is  obtained 
by  continuously  boiling  together  tartaric  acid,  iron  filings,  and 
water.  It  is  a  white  crystalline  powder  which  is  scarcely  soluble 
even  in  boiling  water.  Potassium  ferrous  tartrate  is  the  chief 
constituent  of  Tartarus  chalyheatus  s.  ferratus,  the  preparation 
of  which  was  described  by  Angelus  Sala  in  the  seventeenth 
century  in  his  Tartar ologia.  This  salt,  which  is  used  for  baths, 
is  prepared  by  taking  1  part  of  iron  filings  and  5  parts  of  com- 
mercial cream  of  tartar,  boiling  these  with  water  to  a  paste,  and 
allowing  the  whole  to  stand  until  a  homogeneous  black  mass  is 
formed,  which  is  then  dried. 

Ferric  tartrate  is  obtained  by  dissolving  freshly  precipitated 
ferric  hydroxide  in  tartaric  acid.  The  brownish-green  solution 
decomposes  on  warming  with  separation  of  a  basic  salt,  and 
in  the  air  is  partly  reduced  to  ferrous  salt.  The  solution  is 
not  precipitated  by  alkalis.  Tartaric  acid  also  prevents  the 
precipitation  of  salts  of  other  metals  of  the  iron  group,  as  those 
of  chromium,  aluminium,  copper,  zinc,  and  lead,  inasmuch  as  it 
forms  soluble  double  salts.^ 

614  Tartrates  of  Antimony.  The  best  known  of  these 
is   Potassio-Antimcnioiis    Tartrate    or    tartar   emetic    (tartarics 

1  StJideler  and  Krause,  Jahresh.  1854,  746.  ^  Stadeler  and  Krause,  loc.  cU. 
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emetimSj  or  iariarus  stihiatus),  2GJlfiQ{ShO)K-{-l(ifi,-  which 
was  used  even  in  early  times  as  a  medicine.  The  first 
mention  of  this  salt  is  found  in  Mynsicht's  Thesaurus  et 
Armamentarium  Medico-chymiciom^  in  1631,  which  contains  a 
receipt  for  boiling  cream  of  tartar,  with  crocus  metallorum  ahsin- 
thiacus  (the  product  obtained  by  lixiviating  the  mass  obtained 
by  roasting  sulphide  of  antimony  with  salts  of  wormwood), 
filtering  the  boiling  solution  and  allowing  it  to  crystallize.  In 
his  Furni  novi  Fhilosophici,  published  in  1,648,  Glauber  describes 
the  preparation  of  this  salt  from  flowers  of  spiessglas  and  cream 
of  tartar,  and  at  a  later  period  a  large  number  of  other  processes 
became  known  for  its  preparation.  Bergman  was  the  first  to 
make  known  its  constituents  in  his  Disscrtatio  de  tariaro 
antimoniato,  published  in  1773. 

In  order  to  prepare  tartar  emetic  5  parts  of  purified  cream  of 
tartar  are  boiled  with  50  parts  of  water  and  4  parts  of  antimony 
trioxide,  prepared  from  the  chloride  by  precipitation  with  water 
and  treatment  of  the  precipitate  with  carbonate  '  of  soda.  The 
whole  is  then  allowed  to  stand  and  crystallize.  It  forms  rhombic 
prisms  with  pyramidal  faces,  and  dissolves  at  the  ordinary 
temperature  in  about  15  parts  of  water,  and  at  the  boiling  point 
in  2"8  parts.  The  crystals  slowly  effloresce  on  exposure  to  air, 
and  at,IOO°  quickly  fall  to  a  white  powder.  When  the  anhydrous 
salt  is  heated  to  200 — 220°  it  loses  .water,  and  is  converted  into 
the  compound  C^H^OgSbK,  a  body  which  dissolves  in  water 
with  reformation  of  tartar  emetic.^  Tartar  emetic  is  used  in 
medicine  in  doses  from  0006  to  O'Ol-  gram,  as  it  acts  as  a 
sudorific,  but  in  doses  from  0-06 — 02  it  acts  as  an  emetic,  and  in 
larger  doses  produces  poisonous  effects  which  may  become  fatal 
The  view  which  is  now  generally  adopted  respecting  the  con- 
stitution of  tartar  emetic  is  that  it  is  derived  from  tartaric  acid 
by  the  replacement  qf  the  hydrogen  of  the  carboxyl  by  an 
equivalent  quantity  of  the  monad  radical  antimonyl,  SbO. 
Eecent  investigations  by  Clarke  and  Helena  Stallo,^  have, 
however,  led  to  another  explanation.  When  barium  chloride  is 
added  to  a  solution  of  tartar  emetic,  a  precipitate  of  the  well- 
known  corresponding  barium  salt  is'  thrown  down.  If  this  be 
decopaposed  by  the  requisite  quantity  of  dilute  sulphuric  acid,  a 
solution  is  obtained  which  when  neutralised  with  potash  again 
yields  tartar  emetic.     The  acid  solution  is  extremely  unstable, 

'     ■•  Dumas  and  Piria,  Ann.  CJiem.,Pha/rm.  xliv.  85  ;  Scliiff,  ib.  cxxv.  129. 
2  Ber.  Deutsch.  Chem.  Ges.  xiii.  1788. 
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decomposing  quickly  with  separation  of  antimonious  acid, 
Sb(0H)3.  Hence  it  is  very  probable  that  this  is  a  peculiar  acid 
(of  which  tartar  emetic  is  tlie  potassium  salt),  having  the  following 
constitution  : 

C,H,(OH)/gg;g>Sb.OH 

When  tartar  emetic  is  dissolved  in  a  solution  of  tartaric  acid, 
and  the  whole  evaporated  to  a  syrup  and  slowly  cooled,  colour- 
less oblique  rhombic  prisms  of  the  so-called  acid  tartar  eTnetic^ 
2C4H40e(SbO)K+C4H606  +  5H,0,  separate  out.  ^.  This  on  ex- 
posure to  the  air  loses  water  and  changes  to  a  porcelain-like 
mass,  easily  decomposed  by  alcohol  into  tartar  emetic  and 
tartaric  acid. 

The  acid  tartrates  of  the  other  alkali  metals  act  towards 
antimony  oxide  in  a  similar  way  to  cream  of  tartar,  and  yield 
similar  compounds  to  tartar  emetic  or  salts  of  tartryl  antimonious 
acid.  Other  similar  salts  containing  metals  of  other  groups  are 
also  known.  These  are  only  slightly  soluble  in  water,  and  there- 
fore may  be  prepared  by  double  decomposition  like  the  above- 
mentioned  barium  tartryl  antimonite,  and  the  silver  salt, 
C^H^OySbAg  -f  HgO,  which  crystallizes  from  hot  water  in 
rhombic  tables  with  diamond-like  lustre,^ 

Antimony  Tartrate,  C2H,0,(GO,.SbO)2  +  H20,  is  formed  by 
dissolving  antimony  oxide  in  tartaric  acid,  from  which  solution 
the  salt  is  precipitated  by  alcohol  as  a  crystalline  powder.  At 
100°  it  loses  one,  and  at  190°  a  second  molecule  of  water,  with 
which  it  easily  recombines.  It  unites  with  normal  potassium 
tartrate  to  form  tartar  emetic. 

Tartrates  of  Arsenic.  The  oxides  of  this  element  comport 
themselves  with  acid  tartrates  like  antimony  oxide. 

Ammoninm  Tartryl  Arsenite,  2C2H2(OH)2(C02)2As(ONH4) + 
Hfi,  is  obtained  by  boiling  acid  ammonium  tartrate  with  arsenic 
trioxide.  It  forms  large,  bright,  colourless  rhombic  crystals 
which  easily  effloresce. 

Potassium  Tartryl  Arsenate,  2C,H2(OH)2(C02)2AsO(OK) 
+  oHgO,  is  obtained  by  dissolving  cream  of  tartar  in  arsenic 
acid.  It  is  precipitated  by  alcohol  as  a  crystalUne  powder. 
It  easily  decomposes  in  aqueous  solution  ■  with  separation  of 
cream  of  tartar. 

Tartrates  of  Boron.    In  1728  Le  F^vre  noticed  that  cream  of 
tartar  is  rendered  easily  soluble  by  the  addition  of  solution  of 
^  Cooke,  Oh^em.  NcwSfXiiv.  233. 
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borax,  and  Lasonne,  in  1754,  found  that  boracic  acid  acts  in  a 
similar  way.  Both  the  preparations  thus  obtained  were  termed 
tartarus  horaxatuSy  that  with  borax  being  also  termed  cremor 
tartari  soluhilis.  This  compound  was  much  prized  by  the 
alchemists,  as  they  believed  that  by  its  means  the  transmutation 
of  the  base  metals  into  gold  could  be  effected. 

Potassium  Tartryl  Borate,  Q^B.10B.)4Q0^,B0K,  This  com- 
pound is  used  in  medicine  {Tartarus  horaxatus  Franco- Gallicus), 
and  is  obtained  by  dissolving  3' 5  parts  of  cream  of  tartar  and 
1  part  of  boric  acid  in  hot  water.  On  evaporating  an  amorphous 
transparent  mass  is  obtained  which  may  be  rubbed  down  to  a 
white  powder,  and  is  permanent  in  the  air. 

The  "borax  weinstein"  of  the  German  pharmacopoeia  is 
prepared  in  a  similar  way  from  2  parts  of  borax,  5  parts  of 
cream  of  -tartar  and  twenty  parts  of  water.  This  is  a  mixture 
of  potassium  sodium  tartrate  with  the  foregoing  compound,  and 
is  distinguished  from  it  inasmuch  as  it  easily  absorbs  moisture 
from  the  air. 

6 15  The  Reactions  of  Tartaric  Acid  and  its  Salts.  When  heated 
these  decompose,  and  a  peculiar  smell  resembling  that  of  burnt 
sugar  but  being  at  the  same  time  somewhat  acrid,  is  evolved.  The 
free  acid  gives  a  precipitate  of  cream  of  tartar  with  potassium 
acetate,  the  deposition  being  greatly  aided  by  rubbing  the  sides 
of  the  vessel  with  a  glass  rod  or  by  the  addition  of  alcohol.  In 
order  to  detect  tartrates  by  this  test  an  acid,  preferably  acetic 
acid,  must  be  added.  The  normal  tartrate^  give,  with  calcium 
chloride,  a  precipitate  of  calcium  tartrate,  which  at  the  moment 
of  precipitation  is  amorphous,  dissolves  pretty  easily  in  an  excess 
of  either  reagent,  and  after  a  short  time  separates  out  again  in 
the  crystalline  form.  In  dilute  solutions  the  precipitation  only 
takes  place  after  a  lapse  of  some  time.  Even  when  the  salt 
does  not  dissolve  again,  it  soon  becomes  crystalline.  It  is  soluble 
in  hydrochloric  acid,  nitric  acid,  and  alkali  free  from  carbonic 
acid,  and  from  the  latter  solution  it  separates  out  on  warming 
as  a  gelatinous  mass,  which  slowly  dissolves  on  standing.  By 
these  reactions  tartaric  acid  can  be  distinguished  from  oxalic, 
mahc,  and  citric  acids,  &c.  Free  tartaric  acid  is  not  precipitated 
by  a  solution  of  calcium  sulphate,  which  produces  in  solutions  of 
normal  tartrates  a  slight  precipitate  after  some  time.  When 
a  solution  of  luteo-cobalt  chloride  is  added  to  one  of  tartaric 
acid,  and  then  boiled  with  caustic  soda,  the  yellow  solution 
becomes  green,  and  then  blue-violet.    The  other  vegetable  acids 
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and  acetic  acid  do  not  give  this  reaction,  all  the  cobalt  being 
thrown  down.^ 

The  presence  of  boric  acid  interferes  with  most  of  the  reactions 
of  tartaric  acid.  In  this  case,  instead  of  an  acetate,  potassium 
fluoride  and  then  acetic  acid  should  be  added.^ 
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{00  IT 
PO^OTT        ^^^  *^^  P^®" 

paration  of  ethyl  tartaric  acid,  equal  parts  of  tartaric  acid  and 
absolute  alcohol  are  heated  in  a  retort  from  60"  to  70°,  until  two- 
thirds  have  come  over.  The  whole  is  then  diluted  with  water 
and  allowed  to  evaporate  spontaneously.^  Oblique  rhombic  very 
deliquescent  prisms  then  crystallize  out,  possessing  a  sweet 
and  pleasant  taste,  and  melting  at  90°.  Most  of  its  salts 
crystallize  well. 

Normal  Ethyl  Tartrate^  G^fi^{GO^.Q>^^^,  was  first  prepared 
by  Demondesir.^  It  is  best  obtained  as  follows.  A  well  cooled 
mixture  of  equal  parts  of  absolute  alcohol  and  tartaric  acid  is 
saturated  with  hydrochloric  acid,  the  whole  being  kept,  cold. 
After  standing  for  twenty-four  hours  the  clear  liquid  is  poured 
off,  and  a  current  of  dry  air  passed  through  for  some  time. 
The  liquid  is  next  warmed  to  100°,  under  diminished  pressure, 
to  remove  the  aqueous  hydrochloric  acid  and  the  excess  of 
alcohol.  An  equal  volume  of  alcohol  is  again  added,  and  the 
operation  repeated,  and  finally  the  liquid  is  distilled  under 
reduced  pressure.^ 

Ethyl  tartrate  is  a  thick,  oily,  odourless  liquid,  having  a 
specific  gravity  at  14°  of  1-2097,  and  boiling,  with  slight-  decom- 
position, at  280°, 

Zinc  ethyl,  in  presence  of  ether,  acts  violently  on  ethyl 
tartrate,  when  the  following  reaction  takes  place : 


C2H5.CO2.CH.OH 
C2H5.CO2.CH.OH 


+     Zn(C,H,),= 


CA.CO,.CH.O\.       .      2PH 

^  Braim,  Zcitsch.  Anal.  Ghem.  vii.  349.  2  Barfoed,  ih,  iii.  292. 

^  Guerin-Varry,  Ann.Chim.  Phys.  [2],  Ixii   57. 

*  Compt.  Rend,  xxxiii.  327. 

^  Anschiitz  and  Pictet,  Ber.  Deutsch.  Ck&m.  Ges  xiii.  1175. 
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The  zinc  compound   is  a  snow-white,  amorphous,  very  unstable 

substance.-^ 

When  ethyl  tartrate  is  saturated  with  dry  ammonia  it  forms 

tartramide,    C^Kfi^{G0.1^1i^\,   a   body    soluble' in  water   and 

crystallizing  in  rhombic  prisms.^     If  the   tartrate    be   diluted 

with  aqueous   ammonia   hard   crusts    of  ethyl   tartramate  are 

f  00  NTT 
formed.      Free    tartraviic    acid,   CgH^Og  ^  qq'qtt^  is  a  syrup 

(Grote). 

Hydrogen  methyl  tartrate  closely  resembles  the  ethyl  com- 
pound. The  following  are  the  only  normal  salts  that  are 
known  (Anschlitz  and  Pictet)  : 


B.P. 

Sp.  Gr. 

at 

280° 

1-3403 

15° 

303° 

1'1392 

17° 

Methyl  tartrate,  C^H^OeCCHg)^ 
Propyl  tartrate,    GJifisiG^H^),^ 

The  methyl  salt  forms  hard,  white  crystals  which  melt  at  48". 

Dinitroxytartaric  Acid,  C2H2(O.N02)2(C02H)2.  This  nitric 
ether,  which  is  ordinarily  termed  nitro-tartaric  acid,  is  obtained 
by  dissolving  powdered  tartaric  acid  in  four  and  a  half  times 
the  quantity  of  concentrated  nitric  acid.  On  the  addition  of 
an  equal  volume  of  sulphuric  acid  it  separates  out  as  a  gummy 
mass.  This  is  dried  on  a  porous  plate,  then  dissolved  in  tepid 
water,  and  the  solution  at  once  cooled  to  0°,^  when  the  compound 
separates  out.  For  purification  it  is  crystallised  from  ether,  and 
is  thus  obtained  in  silky  crystals.^  Its  aqueous  solution  de- 
composes quickly  with  formation  of  oxalic  acid  and  tartronic 
acid,  CH.OH(C02H)2,  but  its  solution  in  absolute  alcohol  is 
much  more  stable,  and  from  this  it  crystallizes  on  spontaneous 
evaporation,  sometimes  in  large  prisms.  Ammonium  sulphide 
again  converts  it  into  tartaric  acid. 

Ethyl  Dinitroxy tartrate,  02112(0.^02)2(002.02115)2,  is  obtained 
by  dissolving  ethyl  tartrate  in  a  mixture  of  concentrated  sulphuric 
and  nitric  acids.  The  solution  is  poured  into  an  equal  volume 
of  water,  when  the  salt  separates  out  as  an  oil,  which  solidifies 
after  some  time.  Crystallized  spontaneously  from  absolute 
alcohol,  it  is  deposited  in  prisms  or  needles  which  melt  at 
45°— 46°.^ 

Ethyl  Acetotartrate,  02ll3O(O02H3O)(CO202H5)2,  is  obtained 

^  Mulder  and  van  der  Meulen,  Ber.  Deutseh,  Chem.  Ges.  xiv.  918. 

*  Grote,  Ann.  Chem.  Phar-m.  cxxx.  202. 

^  Dessaignes,   Compt.  Rend,   xxxiv.    731 ;  Ann,   Chem.  Tharm,.  Ixxxii,    362  ; 
Jahresh,  1857,  306. 

*  Demole,  Ber.  Deutsch.  Chem.  Ges.  x.  1789.  ^  Henry,  ib.  iii.  532. 
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by  mixing  equal  molecules  of  ethyl  tartrate  and  acetyl  chloride. 
It  is  a  heavy  oil  with  a  bitter  taste,  and  decomposes  when 
heated.^ 

Diacctotartaric  Acid,  02^2^^-^ 2^3^) ^i^^ 2^) 2-  "^^^  anhydride 
of  this  compound  is  formed  by  heating  tartaric  acid  with  acetyl 
chloride :  ^ 


CH(OH).CO.OH 

I 
CH(OH).CO.OH 


+    4C0C1.CH,    =    4HC1     4- 


.CO.CH3  CH(0.CH3.C0)C0. 

"^CO.CHs  CH(0.CH3.C0)C0^ 

It  crystallizes  in  thin  monoclinic  needles,  melting  at  126° — 127,° 
and  subliming  when  further  heated.  It  is  easily  soluble  in  alcohol 
and  ether.  Its  solution  in  benzol  is  powerfully  dextro-rotatory 
(Anschlitz  and  Pictet).  It  is  gradually  decomposed  by  water 
with  formation  of  diacctotartaric  acid,  a  gum-like,  very  deliques- 
cent mass,  which  however  forms  crystalline  salts,  all  of  which, 
even  the  silver  salt,  are  easily  soluble,  and  for  the  most  part 
deliquescent.  It  is  remarkable  that  the  sohitions  of  this  acid 
and  its  salts  are  IsBvo-rotatory. 

MhylDiacetotarirate,  03112(0.021130)2(002.02115)2,  is  obtained 
by  heating  ethyl  tartrate  with  acetyl  chloride.^  It  crystallizes 
from  alcohol  in  transparent  strongly-refracting  triclinic  prisms, 
and  from  hot  alcohol  in  long  thin  needles  which  have  a  sharp 
and  bitter  taste.  It  melts  at  63°*5,  and  boils  at  about  290°,  almost 
without  decomposition.  Whilst  the  free  acid  is  decomposed 
even  by  boiling  with  water  and  very  quickly  in  presence  of 
caustic  potash,  boiling  water  only  attacks  the  ethyl  salt  very 
slowly,  whilst  it  requires  to  be  boiled  with  caustic  potash  for 
several  hours  in  order  to  convert  it  into  tartaric  acid,  acetic  acid, 
and  alcohol. 

Anhydrides  of  Tartaric  Acid. 

617  It  has  already  been  stated  (p.  222)  that  tartaric  acid  when 
fused  passes  into  its  isomeride,  inetatartaric  acid,  an  amorphous 
deliquescent  mass.  The  solution  of  the  latter  yields  tartaric  acid 
again  on  evaporation.   The  salts  are  more  readily  soluble  than  the 

1  Perkin,  Jour^i.  Chem,  Soc.  N.S.  v.  138. 

^  Pilz,  Journ,  FroM.  Ohem.  Ixxxiv.  231 ;  Perkin,  loc.  cit. 

^  "Wislicenus,  Ann.  Chem.  Pluirm,  cxxix.  187 ;  Perkin,  loc,  cU. 
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corresponding  tartrates,  and  yield  these  on  boiling  with  water.  ^ 
On  protracted  or  strong  heating,  tartaric  acid  loses  water,  and 
yields  compounds  whose  constitution  is  probably  similar  to  that 
of  the  so-called  anhydrides  of  lactic  acid. 

Ditartaric  Acid  or  Tartralic  Acid,  G^iqO-^^,  is  formed  by  heat- 
ing tartaric  acid  for  some  time  to  a  temperature  of  140° — 150°. 
It  is  an  amorphous,  exceedingly  deliquescent  mass,  which  easily 
combines  with  water  to  form  tartaric  acid.  It  is  a  dibasic  acid, 
and  its  salts  are  amorphous,  and  chiefly  resin-like ;  on  heating 
with  water  they  are  converted  into  acid  metatartrates,  and  these 
again  into  the  tartrates.^ 

Tartrclic  Acid,  CgHgO^Q,  is  formed  when  tartaric  acid  is 
heated  for  some  time  to  180°  (Fremy),  or  when  it  is  strongly 
heated  until  it  yields  a  sponge-like  blackened  mass  (Laurent 
and  Gerhardt).  It  forms  deliquescent  crystals,  and  on  fusing 
with  tartaric  acid  it  is  converted  into  tartralic  acid  (Schiff). 
Boiling  with  water  converts  it  into  tartralic  and  tartaric  acids. 
Alcohol  precipitates  the  salts  of  the  alkali  metals  from,  their 
solutions  as  oils,  and  they  dissolve  in  water  with  formation  of 
ditartrates.  The  salts  of  the  alkaline  earth  and  other  metals  are 
obtained  by  precipitating  the  free  acid  with  the  corresponding 
acetates,  and  pass  in  contact  with  water  into  the  metatartrates. 

Tartaric  Anhydride.  This  substance  is  isomeric  with  the 
foregoing  body,  and  is  obtained  either  by  beating  tartaric  acid  to 
180°  until  an  infusible  residue  is  formed  (Fremy),  or  by  heating 
freshly-prepared  tartrelic  acid  for  a  short  time  to  150°  (Laurent 
and  Gerhardt).  It  is  a  white  or  yellowish  powder,  insoluble  in 
alcohol  or  ether.  It  dissolves  slowly  in  cold,  and  quickly  in 
boiling  water,  when  it  is  first  converted  into  tartrelic  acid,  and 
by  further  addition  of  water  passes  into  tartralic  acid. 


RACEMIC    ACID   AND    L-^VOTARTARIC   ACID. 

6i8  It  was  formerly  believed  that  racemic  acid,  often  obtained 
as  a  by-product  in  the  manufacture  of  tartaric  acid,  was  contained 
in  the  grape-juice,  and  it  is  quite  possible  that  this  is  sometimes 
the  case.     There  is,  however,  no  doubt  that  the  greater  portipn 

^ -ETdmann,  Ann,- Okem.  Pharm.  xxL  9  ;  Laurent  and  Gerhardt,  ib.  Ixx.  348, 
^  Fremy,  Ann.  Chim.  Phys.    [2]  hcviii.    353 ;  Laurept  and  Gerhardt,  loc.  cif. ; 
Schiff,  Ann.  Cliem.  Pharm,  cxxv.  129. 
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is  formed  during  the  manufacture  of  the  wine.  According  to 
Juugfleisch  the  change  of  tartaric  acid  into  racemic  acid  takes 
place  -very  readily  in  presence  of  alumina.^  Dessaignes  has 
shown  that  several  per  cents  of  racemic  acid  are  formed  when 
tartaric  acid  is  mixed  with  dilute  hydrochloric  acid^  or  even 
when  it  is  boiled  several  days  with  water.^  In  Kestner  s  manu- 
factory, in  which  racemic  acid  was  first  observed,  no  further 
production  of  this  substance  has  been  noticed  since  the  solutions 
have  been  evaporated  in  a  vacuum  at  50°.  On  the  other  hand, 
in  a  Viennese  manufactory,  where  superheated  steam  is  employed, 
the  mother-liquors  contain  a  large  quantity  of  mesotartaric  acid 
and  some  racemic  acid,  and  in  an  English  manufactory  in  which 
the  evaporation  takes  place  at  the  ordinary  pressure,  large 
quantities  of  this  latter  acid  are  still  formed.^ 

Pasteur  was  the  first  to  show  that  tartaric  acid  can  be 
converted  into  racemic  acid.  He  found  that  when  cinchonine 
tartrate  is  heated  for  some  time  to  170°,  racemic  acid  is  formed, 
together  with  inactive  tartaric  acid,  and  also  that  the  Isevo- 
rotatory  salt  of  this  alkaloid  and  ethyl  tartrate  undergo  this 
change.^  Racemic  acid  is  best  obtained  by  heating  tartaric 
acid  with  water  in  the  proportion  of  30  grams  of  the  first  to 
from  3  to  4?  cbc.  of  the  latter,  for  30  hours,  to  a  temperature  of  175", 
when  the  change  is  almost  complete.^  A  transformation  of 
calcium  tartrate  into  racemate  is  found  to  occur  in  dye-vats  in 
v/hich  tartaric  acid  has  been  used  to  liberate  chlorine  from 
bleaching  powder.^  Another  singular  formation  of  racemic 
acid  is  that  by  the  oxidation  of  fumaric  acid  with  potassium 
permanganate,^  when  a  direct  addition  of  hydroxyl  takes  place. 

Racemic  acid  crystallizes  in  triclinic  prisms  containing  a 
molecule  of  water  which  is  driven  off  at  100°.  It  is  less  soluble 
in  water  than  tartaric  acid,  100  parts  of  water  at  20°  dissolving 
only  2266  parts.  It  melts  at  202°,  and  yields  on  further 
heating,  the  same  products  as  tartaric  acid.  It  is  more  easily 
xeduced  to  succinic  acid  by  means  of  hydriodic  acid  than  is 
-tartaric  acid  (Lautemann),  and  as  intermediate  product  the 
■modification  of  malic  acid  corresponding  to  racemic  acid  is 
formed  (p.  202). 

^  Bull.  Soc.  Chim.  [2],  xxi.  146  ;  xxx.  191. 

2  Compt.  Rend.  xlii.  494  and  524.  3  ^^^n^  g^^^  Ckim,  v.  355. 

^  Ber.  Entw,  Chem.  Ind.  ii.  423.  s  Compt.  Bend,  xxxvii.  162. 

^  Jungfleisch,  Bull.  Soc.  Chim.  [2],  xviii.  203. 

7  Lidow,  Ber,  Deutsch.  Chem.  Ges.  xiv.  2689. 

^  Kekule  and  Anschutz,  ib.  xiii.  2150. 
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The  racemates  in  general  closely  resemble  the  tartrates, 
though  they  frequently  contain  different  quantities  of  water  of 
crystallization.  Like  the  acid,  they  are  optically  inactive  and 
do  not  like  the  tartrates  exhibit  hemihedral  faces. 

Normal  Potassium  Eacemate,  CJifiQK^-\-2Iifi,  forms  mono- 
clinic  crystals,  easily  soluble  in  water. 

Acid  Fotassium  Eacemate,  G^H^OgKH,  crystallizes  in  rhombic 
tables,  dissolving  more  readily  in  water  than  cream  of  tartar, 
and  forming  with  antimony  oxide  a  compound  similar  to  tartar 
emetic. 

Calcium  Eacemate,  C^H^OgCa+^HgO,  is  the  most  characteristic 
salt  of  racemic  acid.  It  is  a  precipitate  consisting  of  small  needles, 
more  difficultly  soluble  than  the  tartrate,  and  precipitated,  even 
from  a  solution  of  the  free  acid,  by  calcium  sulphate.  It  does 
not  dissolve  in  acetic  acid,  but  is  soluble  in  hydrochloric  acid, 
and  on  addition  of  ammonia  it  is  at  once  thrown  down,  whilst  in 
the  case  of  the  tartrate,  precipitation  takes  place  only  after 
standing  some  hours. 

The  ethereal  salts  ofracernic  acid  closely  resemble  those  of  tartaric 
acid,  and  are  optically  inactive  : — 

^Methyl  racemate,  C^'H.^(OIL\{CO,^.CB.^\ 

"  Ethyl  diacetoracemate,  C2H2(C2H30o)2(C02.C2H^)2 

^Diacetoracemic  anhydride,  0^112(0211.^02)20203        123°  — 

619  Pasteur's  Researches.  The  discovery  that  racemic  acid  can 
be  decomposed  into  two  active  acids  was  made  by  Pasteur.  He 
showed  that  the  salts  of  tartaric  acid  usually  exhibit  hemihedral 
faces,  whilst  those  of  racemic  are  holohedral.  On  crystallizing 
a  solution  of  ammonium  sodium  racemate,  a  salt  which  Mits- 
cherlich  believed  to  be  isomorphous  with  the  corresponding 
tartrate,  Pasteur  found  that  although  all  the  crystals  were 
hemihedral,  the  hemihedral  faces  were  situated  on  some  crystals 
to  the  right,  and  on  others  to  the  left  hand  of  the  observer,  so 
that  the  one  formed,  as  it  were,  the  reflected  image  of  the  other, 
as  in  Figs.  102 — 107,  these  faces  being  distinguished  by  the  sym- 

P  P 

bols  -I-  -^  and  —  -^.     Pasteur  separated  these  two  sets  of  crystals 

mechanically,  and  purified  them  by  recrystallization,  when  he 
found  that  they  do  not  undergo  alteration  in  form,  and  that 

^  Anschiitzand  Pictet,  Ber.  Deutseh.  Chem,  Ges.  xiii.  1178. 
'^  Perkin,  Joum.  Chem,  Soc.  N.S.  v.  138. 
^  Perkin  ;  Anschiitz  and  Pictet. 
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those  "which  exhibited  dextro-hemihedry  possess  dextro-rotatory- 
power,  whilst  the  others  are  laevo-rotatory.  He  then  converted 
these  into  the  lead  salts,  and  on  decomposing  with  sulphuretted 
hydrogen,  obtained  both  the  free  acids,  one  of  which  proved  to 
be  identical  with  common  tartaric  acid,  whilst  the  other  was 
distinguished  from  it,  inasmuch  as  it  turns  the  plane  of  polariza- 
tion as  powerfully  to  the  left  as  common  tartaric  acid  does  to  the 


Fi2. 106. 


i?ig,  107. 


right,  and  for  this  reason  Pasteur  termed  it  Icevo-tartaric  acid,  or 
anti-tartaric  acid.  The  acids  moreover  are  positively  and  negatively 
hemihedral,  as  is  shown  by  the  following  figures  in  which  the 
hemihedral  faces  are  mai^ked.  Both  the  acids  are  pyro-electrical, 
but  each  in  an  opposite  sense,  inasmuch  as  positive  electricity  is 
developed  on  the  side  of  the  crystal  on  which  hemihedry  occurs. 
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If  equal  quantities  of  the  concentrated  solutions  of  the  two 
acids  be  mixed,  an  evolution  of  heat  takes  place,  and  crystals  of 
racemic  acid  separate  out.  Their  salts  behave  in  the  same  way, 
and  otherwise  exhibit  the  same  properties.  They  contain  the 
same  quantity  of  water  of  crystallization,  and  possess  the  same 
degree  of  solubility. 

On  the  other  hand,  they  show  an  altogether  different  reaction 
in  their  combinations  with  optically  active  compounds.  Thus 
hydrogen  ammonium  tartrate  forms,  with  the  hydrogen  ammonium 
salt  of  common  malic  acid,  a  crystallizable  double  salt,  whilst 
the  salt  of  Itevo-tartaric  acid  does  not  do  so.  Dextro- tartaric 
acid  combines  also  with  asparagin  to  form  a  crystalline  com- 
pound, but  this  compound  cannot  be  obtained  with  the  lasvo- 
tartaric  acid.  Each  of  the  optically  active  alkaloids,  cinchonicine, 
chinicine,  strychnine,  and  brucine,  yields  a  normal  and  an  acid  salt 
with  the  two  tartaric  acids.  The  eight  salts  of  the  one  modifi- 
cation are  distinguished  from  the  corresponding  ones  of  the  other 
modification  by  crystalline  form,  quantity  of  water  of  crystalliza- 
tion, and  solubility,  and  these  varying  relations  serve  as  another 
means  for  resolving  racemic  acid  into  its  constituent  acids.  If 
a  solution  of  cinchonicine  in  racemic  acid  be  concentrated,  at 
first  only  the  Isevo-tartaric  acid  salt  separates  out,  whilst  when 
chinicine  is  employed  the  dextro-tartaric  salt  first  makes  its 
appearance. 

Pasteur  has  further  shown  that  when  a  few  spores  of  penicil- 
lium  glaucwn  are  added  to  a  solution  of  racemic  acid  containing 
traces  of  phosphates,  dextro-tartaric  acid  first  disappears,  so 
that  if  the  fermentation  be  stopped  after  some  time,  only  the 
Isevo-acid  remains.^ 

Lastly,  Gemez  has  found  that  a  saturated  solution  of  the 
ammonium  sodium  salt,  does  not  crystalhze  when  a  crystal  of 
the  opposite  modification  is  brought  into  it.  Hence,  if  such  a 
solution  be  prepared  from  racemic  acid,  it  is  easy  to  obtain 
either  one  or  the  other  modification  in  this  way  at  will.^ 

In  order  to  explain  the  optical  isomerism  of  the  two  tartaric 
acids,  we  may  assume  that  in  their  molecules  the  atoms  occupy 
different  positions  in  space.  This  can  be  best  illustrated  by 
means  of  a  model  consisting  of  a  tetrahedron  in  whose  centre 
an  asymmetrical  carbon  atom  is  situated,  the  four  combining 
units  being  placed  in  connection  with  the  corners.  On 
these  the  several  groups  H,0H,C02H  and  CH(0H)C02H  are 
1  Comptes  Me-ndus,  li.  153.  ^  Ii>,  Ixiii.  843. 
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joined.  They  may  be  distinguished  by  painting  the  four  points 
of  different  colours.  A  second  tetrahedron  is  then  prepared 
■which  is,  as  it  were,  the  reflected  image  of  the  first.  One  of 
the  two  models  represents  the  dextro-  and  the  other  the  Isevo- 
tartaric  acid,  and  in  whatever  position  they  may  be  placed 
they  are  always  seen  to  be  right-  and  left-handed.^ 


INACTIVE  OR  MESO-TARTARIC  ACID. 

620  This  acid  was  obtained  by  Pasteur,  together  with  racemic 
acid,  by  heating  cinchonine  tartrate  to  170°-  In  this  decompo- 
sition it  is  probable  that  the  racemate  is  first  formed,  as  this, 
when  heated  by  itself,  partially  decomposes  into  the  inactive 
compound.  By  the  oxidation  of  sorbin,  CgH^gOg,  Dessaignes 
obtained,  in  addition  to  tartaric  and  racemic  acids,  an  inactive 
isomeric  compound  to  which  he  gave  the  name  of  mesotartaric 
acid,  and  Pasteur  afterwards  showed  that  this  was  identical  with 
his  acid.  It  has  already  been  stated  that  this  acid  usually 
occurs  together  with  racemic  acid  (p.  234). 

Mesotartaric  acid  is  best  obtained  by  heating  thirty  parts  of 
tartaric  acid  and  four  parts  of  water  for  two  liours  to  165°.  On 
crystallizing,  the  racemic  acid  which  has  been  formed  deposits 
first.  The  residue  is  converted  into  the  acid  potassium  salt, 
when  cream  of  tartar  separates  out,  whilst  the  more  soluble 
salt  of  the  inactive  acid  remains  in  solution.^  By  this  reaction 
the  other  modifications  are  also  almost  entirely  converted  into 
mesotartaric  acid,  whilst  at  175°  they,  as  well  as  the  last  named 
acid,  are  almost  entirely  transformed  into  racemic  acid.  In 
this  way  Jungfleisch  has  succeeded  in  preparing  the  four 
modifications  synthetically  from  ethylene. 

It  is  an  interesting  fact  that  the  inactive  acid  is  also  formed 
by  oxidation  of  maleic  acid  by  potassium  permanganate,  whilst 
fumaric  acid  is  oxidized  to  racemic  acid.  From  this,  it  would 
appear  that  the  cause  of  the  isomerism  of  maleic  acid  is  the 
same  as  that  of  mesotartaric  acid  and  racemic  acid.^ 

Mesotartaric  acid  crystallizes  in  rectangular  tables,  with  one 
molecule  of  water,  which  it  losses  at  100".  When  the  anhydrous 
acid  is  dissolved  in  a  small   quantity  of  water  and  allowed  to 

^  Van't  HofF,  Lagerunrj  dcr  Atome,  d;c. 

2  Jungfleisch,  Bull.  Soc,  Chim.  [2],  xix,  101. 

3  Kekule  and  Anschutz,  Ber.  Beictseh.  Chem.  Ges.  xiv.  713  ;  compare  Tanatar, 
lb.  xiii   1383. 
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crystallize  quickly,  it  is  obtained  in  anhydrous  prisms  closely 
resembling  those  of  tartaric  acid.  One  hundred  parts  of  water 
at  15°  dissolve  125  parts  of  the  crystallized  acid.  The  crystals 
melt  at  140°,  and  when  submitted  to  dry  distillation  yield  pyro- 
racemic  acid ;  if  the  distillation  be  stopped  when  a  third  has 
passed  over,  racemic  acid  may  be  prepared  from  the  residue 
(Dessaignes), 

The  normal  and  acid  mesotartrates  are  easily  soluble  in  water, 
but  do  not  crystallize. 

Calcium  Mesotartrate,  C^H^OgCa-fSHgO,  is  a  very  charac- 
teristic salt,  and  is  formed  wheA  the  acid  is  precipitated  by 
calcium  acetate.  The  flocculent  precipitate  soon  changes  to 
glistening  crystals,  which  are  best  obtained  when  the  salt  is 
dissolved  in  hydrochloric  acid  and  so  far  diluted  that  am- 
monia does  not  produce  a  precipitate.  After  standing 
from  12  to  16  hours,  it  is  desposited  in  bright,  glistening, 
cube-like  crystals.  Jt  dissolves  in  about  600  parts  of  boiling 
water,  and  separates  very  gradually  on  co(iling  in  small  compact 
crystals  and  small  four-sided  prisms.  It  is  insoluble  in  acetic 
acid,  and  is  not  formed  by  the  addition  of  sulphate  of  lime 
solution  to  a  solution  of  mesotartaric  acid. 

The  inactive  acid  obtained  from  glyosal  (p.  220)  is  different 
from  mesotartaric  acid,  and  it  may  therefore  be  distinguished 
as  glyicotartaric  acid}  Like  racemic  acid,  which  it  was  first 
believed  to  be,  it  crystallizes  in  tricUnic  prisms  containing  one 
molecule  of  water,  and  these  do  not  effloresce  on  exposure.  The 
anhydrous  acid  melts  at  198°.  Its  salts  resemble  very  closely 
those  of  racemic  acid,  but  the  sodium  ammonium  glycotartrate 
is  deposited  in  large  monoclinic  crystals  which  do  not  exhibit 
hemihedral  faces.  It  is  remarkable  that  racemic  acid  can,  under 
certain  circumstances,  yield  a  salt  having  the  same  properties 
as  the  preceding  compound,  the  mother-liquors  afterwards 
depositing  rhombic  crystals  of  the  two  optically  active  salts.^ 

A  third  inactive  tartaric  acid  has  been  obtained  by  Przibytek 
by  the  oxidation  of  erythrite,  Q^q{0'S.)^,  The  acid  potassium 
salt  of  this  variety  is  anhydrous,  easily  soluble  in  water,  and 
crystallizes  in  small  needles.  The  calcium  salt  contains  8 
molecules  of  water,  is  soluble  in  acetic  acid,  and  crystallizes 
from  this  solution  in  laminae.  When  the  acid  is  heated  with 
water  to  175°,  it  is  converted  into  racemic  acid. 

^  Staedel  and  Gail,  Bcr.  Deutsch.  Chem.  Ges.  xi.  1752. 
2  Journ.  Russ.  Chem.  Ges.  xii.  209. 
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621  By  heating  amyl  alcohol  with  concentrated  solution  of 
zinc  chloride,  Balard,  in  1844,  pbtained  the  corresponding  olefine 
termed  amylene,  C^H^q,  and  together  with  this  the  polymeride 
diamylen&,  Q^^^^^,  and  tetramylenej  CgoH^Q.  Moreover,  he 
showed  that  when  the  vapour  of  aniyl  chloride  is  passed  over 
heated  potash-lime,  amylene  is  also  formed.  It  possesses  a 
faint  garlic-like  smell,  boils  at  39°,  and  has  a  vapour  density 
of  2-68.1 

Bauer,  who  then  occupied  himself  with  this  subject,  gives  tne 
following  receipt  for  its  preparation.  One  part  of  amyl  alcohol 
is  poured  on  to  1^  parts  of  fused  and  roughly  powdered  zinc 
chloride,  allowed  to  stand  for  some  days,  and  afterwards  dis- 
tilled. The  action  begins  at  70° — 80°;  and  the  operation  is 
stopped  at  130° — 140°,  when  frothing  begins.  By  fractionating 
the  distillate  and  rectifying  over  sodium,  the  amylene  is  obtained 
together  with  amyl  hydride,  CgH^^.  Amylene  thus  prepared 
boils  at  33° — 34°  and  at  0°  has  a  specific  gravity  of  0'663.  In 
the  higher  boiling  portions  trianiylene,  C^^IIgQ,  occurs,  together 
with  the  other  products  obtained  by  Balard.^ 

As  Wurtz  has  shown,  the  action  of  zinc  chloride  on  amyl 
alcohol  is  not  so  simple  a  one  as  had  formerly  been  supposed. 
He  found  that  the  product  boiling  at  160°,  is  a  mixture  of  the 
olefines  CgH^o  to  C^pHgo,  and  of  the  corresponding  paraffins.^ 

Kecent  investigations  have  proved  that  the  amylene  thus 
obtained,  and  now  to  be  bought  as  "  commercial  amylene,"  is  not 
a  definite  compound,  but  a  mixture  of  several  isomeric  bodies, 
their  formation  depending  not  only  on  the  fact  that  amyl  alcohol 
itself  is  a  mixture,  but  also  that  zinc  chloride  effects  a 
molecular  decomposition  in  this  case,  as  it  does  in  the  case  of 
butylene. 

^  Ann.  Chim.  Fhys.  [3],  xii.  320. 

2  Krit.  Zeitsch.  iv.  654  ;  see  also  Linnemann,  Ann.  Chem.  Pharni.  cxxxiv.  350. 

3  Comptes  Hendus,  Ivi.  1164  and  1246  ;  Ivii.  392;  Ann,  CJiem,  Pharm.  cxxviii. 
225  and  316. 
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Amylene  is  also  found  ia  the  distillation  products  of  Boghead 
cannel,  in  the  lime  soap  of  train  oil^  and  in  certain  petroleums, 
&c. 

622  Propyl  Ethylene,  GR^.GE..^.GE.^.GR^^GJl2,  was  obtained 
synthetically  by  Wurtz  by  the  action  of  zinc-ethyl  on  allyl 
iodide.  He  could  not,  however,  obtain  it  in  a  pure  state. 
owing  to  the  formation  of  other  hydrocarbons.-^  PentyUne 
dihromide,  G^'Bl^qBt^,  obtained  from  this,  boils  at  177° — -183°. 
Normal  pentylene  is  also  formed  together  with  ethereal  salts 
of  pentyl-acetic  acid  when  the  monochloride,  obtained  from 
normal  petane,  is  heated  with  potassium  acetate  and  glacial 
acetic  acid  to  190°— 200°.^  Moreover,  it  is  a  constituent  of  com- 
mercial amylene.  If  this  liquid  be  shaken  up  with  a  mixture 
of  one  volume  of  water  and  two  volumes  of  sulphuric  acid,  thfe 
isomeric  olefines  dissolve  and  a  mixture  of  the  normal  penty- 
lene and  pentanes  remains  behind.^  By  oxidizing  this  with  an 
alcoholic  solution  of  potassium  permanganate,  formic,  oxalic, 
normal  butyric,  and  succinic  acids  are  formed,  and  from  this  fact 
the  constitution  of  these  hydrocarbons  is  ascertained.^  Owing  to 
the  fact  that  Balard  purified  his  amylene  by  treatment  with 
sulphuric  acid,  it  likewise  chiefly  consisted  of  propyl-ethylene. 
It  is  a  mobile  liquid,  boiling  between  39°  and  40°,  and  combining 
with  hydriodic  acid  to  form  methyl-propyl-carbyl  iodide. 

Isopropyl-ethylene,  (CH3)2CH.  CH^CHg,  occurs,  according  to 
Eltekow,  in  commercial  amylene.^  It  is  formed  together  with 
^-ethyl-methyl-ethylene,  when  amyl  iodide  is  heated  with 
alcoholic  potash.  If  this  mixture  be  saturated  at  —  20°  with 
hydriodic  acid,  the  latter  define  is  converted  into  •  dimethyl- 
ethyl-carbyl  iodide,  isopropyl-ethylene  remaining  unchanged. 
When  the  above  mixture  is  shaken  up  with  sulphuric  acid  and 
water,  the  /3-ethyl-methyl-ethylene  is  alone  dissolved.  Isopropyl- 
ethylene  boils  at  21°*1  to  21°*3,  and  combines  at  the  ordinary 
temperature  with  hydriodic  acid  to  form  methyl  isopropyl  carbyl 
iodide  (Wischnegradsky).  With  bromine  it  forms  a  dibromide 
boiling  with  decomposition  at  190°,  from  which  isopropyl-ethylene 
glycol,  (CH3)2CH,CH(OH).OH2(OH),  is  obtained.  This  latter 
body  boils  at  206°,  and  is  a  thick  odourless  liquid,  soluble  in 

^  Comjpt.  Bend,  liv.  387  ;  Ivi,  354  j  Izvi.  1179;  Ann.  CJiem.   Fharm,  cssiii. 
202  ;  cxxvii.  55  ;  cxclviii.  131. 
2  Schorlemmer,  FMl.  Trans.  1872,  p.  111. 
^  "Wisohnegradsky,  Ann.  Chem.  Pharm.  cxc.  346. 
*  0.  and  F.  Zeidler,  ib.  cxcvii.  253. 
^  Ber.  Deutsch.  Chem.  Ges.  x.  1904. 
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water,    and   yielding    on   oxidation    oxyvaleric   acid,    and    iso- 
hutyric  acid} 

623  a-Ethyl-methyl-ethylene,  CH3.CH2.OH— CH.CHg,  is 
obtained  by  heating  the  two  secondary  pentyl  iodides  with 
alcoholic  potash.^  The  pentylene  obtained  by  Beilstein  and 
Rieth  by  the  action  of  zinc-ethyl  on  chloroform  appears  to  be 
identical  with  this  substance  :  ^ 

3Zn(CH2.CH3\,  +  2CH.Cl3  =  2CH,.CH..CH=:CH.CH3  + 
'"        2C2H;+ 3ZnCl2. 

It   boils   at   36°,  and   combines    with    hydriodic    acid   forming 
methyl-propyl-carbyl  iodide. 

a-EthyUmethyl-ethylene  Bromide,  CgH.^^.CHBr.CHBr.CHg,  boils 
with  slight  decomposition  at  178°,  and  at  0°  has  a  specific 
gravity  of  1-7087. 

a-Ethyl-methyl-ethylene  Glycol,  C2H5.CH(OH).CH(OH).CH3 
is  a  syrupy  liquid,  soluble  in  water,  boiling  at  187°'5,  and  at  0° 
having  a  specific  gravity  of  0'9945.  When  oxidized  with  dilute 
nitric  acid  it  yields  a-oxyhittyric  acid,  together  with  carbon 
dioxide  and  a  small  quantity  of  glycolic  acid. 

^-Ethyl-methyl-ethylene,  Q^^{GK^G'^CI{^.  This  is  a  con- 
stituent of  commercial  amylene  (Wischnegradsky),  and  is  formed 
together  with  isopropyl-ethylene  by  heating  amyl  iodide  with 
alcoholic  potash,  and  is  also  prepared  in  a  siinilar  way  from  active 
amyl  iodide.^  A  pentylene,  probably  identical  with  this,  is 
found  in  the  distillation  products  of  the  Alsatian  petroleum  at 
Pechelbronn.^  It  boils  at  31°— 32°,  and  at  0°  has  a  specific 
gravity  of  0'670.  It  is  optically  inactive,  dissolves  readily  in 
dilute  sulphuric  acid,  and  combines  with  the  haloid  acids  with 
formation  of  ethereal  salts  of  dimethyl-ethyl-carbyl. 

624  Trimcthyl-ethylene,  (CH3)2C  — CH.CH3,  is  also  found  in 
commercial  amylene,  and  is  formed  by  the  action  of  alcohohc 
potash  on  the  iodides  of  dimethyl-ethyl-carbyl,  and  isopropyl- 
methyl-carbyl.^  It  is  formed  also  when  amyl  ethyl  ether  is 
heated  with  phosphorus  pentoxide.^ 

^  Flawitzky,  Ann.  Chcm.  Pharm.  clxxix,  351  ;  Ber,  Deutsch.  Chem.  Ges.  x. 
230. 

^  AVagner  and  SaytzelT,  Ann,  Chcm.  Pharm,  clxxv,  373  ;  cbrxix.  302. 

^  lb.  cxxiv.  245. 

■*  Le  Bel,  Bull.  Soc.  Chim.  [2],  xxv.  543. 

^  Le  Bel,  ib.  [2],  xvii.  3  ;  xviii.  166. 

^  Jermolajew,  Zeitsch.  Chcm.  1871,  275. 

^  "Wischnegi'adsky,  Ann.  CJiem.   Pharm.  cxc.  365. 

«  Flawitzky,  ib.  clxix.  206. 
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It  is  a  liquid  boiling  at  36° — 38°,  and  having  at  0°  a  specific 
gravity  of  0*6783.  It  is  easily  converted  into  polyamylenes  by 
zinc  chloride  or  by  dilute  sulphuric  acid,  as  well  as  by  boron 
fluoride.^  It  dissolves  when  shaken  with  a  mixture  of  two  parts 
of  sulphuric  acid  and  one  of  water,  and  when  this  solution  is 
neutralized  with  carbonate  of  soda  and  distilled,  dimethyl -ethyl- 
carbinol  is  obtained,  which  combines  with  the  haloid  acids  to 
form  the  ethereal  salts  of  this  alcohol. 

The  derivatives  of  the  pure  hydrocarbon  have  not  been  much 
investigated,  but  these  probably  form  a  large  portion  of  the 
compounds  obtained  from  commercial  amylene. 

625  Amylene  Glycol,  C^^^{OW)^,  was  obtained  by  Wurtz  ^  from 
amylene  bromide  in  the  same  way  as  common  glycol  is  obtained 
from  ethylene  bromide.  It  is  a  colourless  syrupy  liquid,  soluble 
in  water,  and  having  an  aromatic  bitter  taste ;  it  boils  at  1 77,°  and 
at  0°  has  a  specific  gravity  of  0*987.  It  may  be  solidified  in  a 
mixture  of  ether  and  solid  carbon  dioxide  to  a  hard  transparent 
mass.  Pure  trimethyl-ethylene  yields  a  glycol  which  boils  at 
the  same  temperature.^  Dilute  nitric  acid  oxidizes  it  to 
oxyisobutyric  acid. 

Amylene  CJilorhydratej  Q^-^filifyS),  was  obtained  by  Carius 
by  acting  on  amylene  with  dilute  hypochlorous  acid.  It  is  a 
liquid  boiling  at  155°,  smelling  of  valeric  acid,  and  is  tolerably 
Soluble  in  water.  Caustic  potash  converts  it  into  amylene  oxide, 
CsHj^jO,  a  pleasantly  smelling  liquid  having  a  bitter  taste^ 
boiling  at  95°,  and  having  a  specific  gravity  at  0°  of  08244  * 

Amylene  Chloride,  G^-^^VA^,  is  formed  when  a  mixture  of 
amylene  and  phosphorus  pentachloride  is  allowed  to  stand  for 
twelve  hours.  On  addition  of  water  it  separates  out  as  an  oily 
layer.^  It  is  also  formed,  together  with  substitution-products, 
when  chlorine  is  passed  into  amylene  cooled  to — la'',  and 
then  heated  gradually  to  the  boiling  point. ^  It  is  a  liquid 
boiling  at  145°,  and  having  at  0"  a  specific  gravity  of  1-222. 

Amylene  Bromide,  CgH^oBrg,  is  an  oily  liquid  boiling  with 
decomposition  at  170° — 180°. 

Amylene  Nitrite,  G^iqQ^O^^,  was  first  obtained  by  Guthrie 
by  passing   amylene  vapour,  mixed  with  air,  through  fuming 

^  Landolph,  Ber.  Deutsch.  Chem.  Qes.  xii.  1584. 

2  Ann,  Ghim.  Phys.  [3],  Iv.  458. 

^  Flawitzky,  Bcr.  Deutsch.  Chem.  Ges.  ix.  1600. 

*  Bauer,  Ann.  Chem.  Pharm,  cxv.  90  ;  Carius,  ib,  cxxyi.  199;  cxxix.  167. 

*  Guthrie,  Quart.  Journ.  Chem.  Soc.  xiv.  127. 

*  Bauer,  Zeitsch.  Chem.  1866,  380  and  667. 
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nitric  acid/  ami  afterwards  by  passing  nitrogen  trioxide  through 
amylene  placed  in  a  freezing  mixture.^  It  crystallizes  from 
boiling  ether  in  long  transparent  prisms  or  rectangular  tables, 
which  decompose  at  95°.  When  treated  with  tin  and  hydro- 
chloric acid,  the  nitrogen  is  evolved  as  ammonia. 

Amylene  Nitrosochloride,  Q^^-^^(^0)C\,  is  formed  by  the 
direct  union  of  nitrosyl  chloride  with  amylene.  It  deposits  in 
splendid  crystals,  and  is  converted  by  nascent  hydrogen  into  an 
amylamine.^ 

Amylene  forms,  with  the  chlorides  of  sulphur,  compounds 
which  correspond  to  the  ethylene  compounds.* 

Nitro-amylene,  or  JSIitro-trimethyl-ethyUne^  C^HgNOg,  is  ob- 
tained by  the  action  of  nitric  acid  on  dimethyl-ethyl  carbinol. 
It  is  a  slightly  coloured  peculiarly  smelling  liquid,  boiling  at 
166° — 170°,  and  dissolving  slowly  in  potash.  The  solution 
gives  the  pseudo-nitrol  reaction  (Part  I.  p.  566)  with  potassium 
nitrite  and  sulphuric  acid.  When  heated  with  water  to  100° 
under  pressure,  it  splits  up  into  nitro-ethane  and  acetone  :  ^ 

CH,  CH, 

I  I 

Ci:C(N02).CH3    +    HP     :=     CO    +    CH2(]S[02).CH3. 

CH.  CH, 


THE  OXYACIDS,  GJ^^fi^,  AND    THE    KETONIC 
ACIDS,  CgHgOg. 

626  a-OxyvaleriG  Acid,  (CH3)2CH.CH(OH)C02H.  When 
valeric  acid  is  heated  with  bromine  under  pressure  a-hromvahric 
acid  (CH3)2CH,CHBr.C02H,  is  formed.  This  is  an  oily  liquid 
which  decomposes  on  heating.®  If  this  body  be  boiled  with  water 
and  oxide  of  silver  or  with  caustic  potash,^  the  corresponding 
oxyvaleric  acid  is  obtained,  a  substance  which  can  also  be 
prepared  synthetically  from  isobutyraldehyde.  This  compound 
combines  with  anhydrous  hydrocyanic  acid   to  form  the  nitril 

^  Quart.  Journ.  Cfhem,  Soc.  xiii.  35.  ^  Ih.  xiii.  139. 

^  Tdnnies,  Bcr,  Deutsoh,  Ghcm.  Ges.  xii.  169. 
*  Guthrie,  Quart.  Journ.  Ohcm.  Soc.  xii.  109  ;  xiii.  35. 
^  Hartinger,  Monatsh,  Ghem.  ii.  286. 

^  Fittig  and  Clark,  Ann.   Ghem.  PAarm*  cxxxix.   199;  Ley  and  Popow,-^'&. 
clxxiv.  63. 

^  Schmidt  and  Sachtleben,  a6,  cxciii.  106, 
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(OH3)2CE[.CH(OH)CN,  a  liquid  which  commences  to  boil  at 
136^  and  then  decomposes  into  the  compounds  from  which  it  is 
derived.  When  boiled  in  connection  with  an  inverted  condenser 
with  three  times  its  volume  of  concentrated  hydrochloric  acid 
oxyvaleric  acid  is  obtained,  which  then  may  be  removed  by 
shaking  with  ether>  It  is  easily  soluble  in  water,  alcohol,  and 
ether,  and  crystallizes  in  rectangular  tables  or  long  prisms 
which  melt  at  86",  and  begin  to  volatilize  at  100°.  Its  chemical 
relations  are  closely  analogous  to  those  of  lactic  acid.  On  heat- 
ing with  sulphuric  acid  it  is  converted  into  formic  acid  and  iso- 
butyraldehyde.  The  latter  compound  is  also  formed,  together 
with  isobutyric  acid  and  carbon  dioxide,  when  it  is  oxidized 
with  aqueous  chromic  acid. 

The  crystallized  anhydrous  zinc  salt  is  difficultly  soluble  in 
cold,  and  not  much  more  soluble  in  hot  water.  The  silver  salt 
dissolves  tolerably  easily  in  hot  water,  and  forms  feather-like 
crystals.  By  the  action  of  ethyl  iodide  it  yields  the  ethyl  salt, 
which  is  also  formed  when  ethyl  oxalate  is  treated  with  zinc  and 
secondary  propyl  iodide.'^  It  is  a  not  unpleasantly  smelling 
liquid,  boiling  at  175°. 

a-Valeroladide,  G-^^IL-^fi^yis  formed  when  the  acid  is  heated  in 
closed  tubes  to  200°.  It  crystallizes  from  dilute  alcohol  in  thin 
needles  insoluble  in  water,  melting  at  136°,  and  subliming  at  a 
higher  temperature.     It  is  scarcely  attacked  by  dilute  alkalis. 

a-Oxyvaleramide,  {CH3)2CH.CH(OH).CO.NH2,  is  formed  by 
the  action  of  cold  fuming  hydrochloric  acid  on  the  nitril.  It 
crystallizes  in  large  tablets  which  are  tolerably  soluble  in  water, 
less  so  in  ether,  and  which  melt  at  104°  (Lipp). 

a'AmidovaleriG  Acid,  (CH3)2CH.CH(]S'H2).C02H.  A  com- 
pound of  this  composition  was  found  by  Gorup-Besanez  in  the 
pancreas  of  the  ox,  and  he  termed  it  hutalanine.  ^  This  compound 
closely  resembles  the  acid  obtain  ed  by  heating  brom valeric 
acid  with  ammonia.  The  latter  compound  is  easily  soluble  in 
water,  scarcely  soluble  in  cold  alcohol,  and  crystallizes  in  laminae 
consisting  of  microscopic  prisms  which,  on  heating,  sublime 
without  melting  (Fittig  and  Clark  ;  Schmidt  and  Sachtleben). 
Further  investigations  have  shown  that  butalanine  is  different 
from  a-amidovaleric  acid,  and  it  differs  also  in  its  properties 
from  ti-amidopentoic  acid,  CH3.CH2.CH2.CH(NH2)C02H,  which 

^  Lipp,  Ann.  Ohem,  Pharm.  ccv.  23. 

2  Markownikow,  Zeitsch.  Chem.  1870,  517. 

3  Ann.  Chem.  Pharm,  xcviii,  15. 
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latter  is  obtained  from  brompentoic  acid,^  and  from  normal 
butyroaldehyd  e  ammonia  and  hydrocyanic  acid.  ^  Butalanine  is  pro- 
bably ethyl  methy]  amidoacetic  acid,  C2H5(CH3)CH(NH2).C02H, 
627  ^-Oi'yvahric  Acid,  (CH3)2C(OH).CH2,C02H,  was  first  pre- 
pared by  M.  and  A.  Saytzeff  by  oxidizing  dimethyl  allyl  carbinol, 
(GH3\C(OH).CH2.CHIZ  CH,)  It  is  also  formed  by  the  action 
of  potassium  permanganate  on  valeric  acid.*  It  forms  a  syrup 
easily  soluble  in  water,  alcohol,  and  ether.  It  is  not  volatilized 
in  a  current  of  steam,  and  on  heating  with  a  chromic  acid 
solution  it  yields  acetic  acid,  acetone,  and  carbon  dioxide,  and 
when  heated  it  decomposes  into  water  and  dimethyl-acrylic  acid, 

The  anhydrous  zinc  salt  crystallizes  in  prisms  which  are 
easily  soluble  in  water.  The  silver  salt,  which  does  not  undergo 
change  on  exposure  to  light,  forms  monoclinic  prisms  and  is  very 
difficultly  soluble  in  cold  water,  though  rather  more  soluble  in 
boiling  water.  It  forms  with  ethyl  iodide  an  ethereal  salt  boiling 
at  about  180°.^ 

^-Amidovaleric  or  Amido'dimetliyl-pro^pionic  Acid,  (^113)2 
C(NH2)CH2.C02lI  +  HgO,  is  formed  together  with  amido- 
isobutyric  acid  by  the  oxidation  of  diacetonamine  (Part  I.  p. 
574).  It  is  easily  soluble  in  water  and  separates  out  from  a 
mixture  of  ether  and  alcohol  in  glistening  crystals  melting  at 
217°,  but  beginning  to  sublime  at  180°. 

Imido-dimethylacetic-dimethylpropionic  Acid, 

NH<('^^>^TT^(2       2-       2      ig    formed,    together    with    a    small 

quantity  of  the  foregoing  compound,  by  the  oxidation  of 
triacetonamine  (Part  I.  p.  574).  It  forms  a  crystalline  powder 
possessing  an  acid  taste,  difficultly  soluble  in  cold,  but  readily 
soluble  in  hot  water,  and  very  slightly  soluble  in  alcohol. 

a-MethyloxyUttyric  ox  Metho-ethoxalic  Acid,  (C2H5).C(CH3)OH. 
CO2H.  The  ethyl  salt  of  this  acid  is  formed  when  ethyl 
oxalate  is  heated  with  granulated  zinc,  methyl  iodide  and  ethyl 
iodide,  to  35° — 40°.^  It  is  also  formed  by  the  oxidation  of  methyl- 
ethyl-acetic  acid  with  potassium  permanganate,"^  and  likewise 

^  Juslin,  Bull.  Soc.  Chim,  xxxvii.  3.  2  ^ipp,  Zieb.  Ann.  ccxi.  354- 

3  Ann.  Chein.  Pharm.  clxxxv.  163  ;  Scltirokow,  Jmitn.  Muss.  Chem.  Qes,  xi. 
410. 

*  Miller,  Ann.  Ckem,  Pharm.  cc.  273. 

*  Semljanitzin  and  SaytzefF,  Ann.  Chem.  Pharm,  cxctU.  72. 
^  Frankland  and  Duppa,  Proc.  Roy.  Soc.  xiv.  17. 

'  Miller,  Ann.  Chem.  Pharm.  cc.  282. 
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when  methyl-ethyl  ketone  is  combined  with  hydrocyanic  acid 
and  the  product  decomposed  by  hydrochloric  acid,  and  lastly 
when  ethyl-methyl-acetic  acid  is  converted  into  the  mono- 
brominated  acid  by  heating  with  bromine  and  this  afterwards 
decomposed  with  carbonate  of  soda.^ 

It  is  easily  soluble  in  water,  alcohol  and  ether,  melts  at  68° 
and  sublimes  in  needles  at  90°.  Aqueous  chromic  acid  oxidizes 
it  to  methyl-ethyl  ketone  and  carbon  dioxide,^  and  when  heated 
for  200  hours  with  dilute  sulphuric  acid  to  115° — 180°  it  decom- 
poses into,  water  and  methyl-crotonic  acid,  CH3CHZIC(CH3). 
COgH.  The  anliydrous  zinc  salt  is  a  crystalline  precipitate  diffi- 
cultly soluble  in  boiling  water  and  insoluble  in  alcohol.  The 
ethyl  salt  is  a  liquid  possessing  a  powerful  ethereal  smell, 
boiling  at  165°'5,  and  having  a  specific  gravity  at  13°  of 
0-9768. 

628  ^-MethyloxyUotyric  Acid,  CH3.CHrOH).CH(CH3).C02H, 
is  formed  when  an  alcoholic  solution  of  ethyl  methyl-acetacetate  is 
treated  with  sodium  amalgam.  In  order  to  prevent  the  decompo- 
sition of  the  ether  into  carbon  dioxide  and  methyl-ethyl  ketone, 
the  liquid  is  well-cooled  and  from  time  to  time  acidified  with  dilute 
sulphuric  acid.^  The  acid  forms  a  syrup  which  on  standing  over 
sulphuric  acid  becomes"  thicker  and  is  converted  into  the  an- 
hydride C^QH^gOg.  The  acid  decomposes  on  distillation,  into 
water  and  methyl-crotonic  acid. 

Methyl  Acetoacetic  Acid,  or  a-Acetylpropionic  Acid,  CHg.CO- 
CH(CH3).C02H.  The  ethereal  salts  of  this  acid  are  prepared 
according  to  a  process  already  described  (p.  172),  and  are  similar 
to  the  acetoacetates.  The  methyl  salt  boils  at  177°"4  and  yields 
with  ferric  chloride  a  violet-red  exploration  *  and  the  ethyl  salt 
boils  at  186°'8,  has  a  specific  gravity  at  6°  of  1'009,  and  gives  a 
deep  blue  colour  with  ferric  chloride.^ 

It  has  been  stated  under  acetoacetic  acid  (p.  172)  that  only  its 
salts  had  been  prepared.  Since  this  was  written  the  free  acid,  and 
also  certain  of  its  homologues,  have  been  isolated.  The  ethereal 
salt  is  slowly  saponified  by  cold  dilute  potash  solution;  this 
then,  after  standing  twenty-four  hours,  acidified  with  sulphuric 
acid,  is  shaken  up  with  ether,  and  the  ethereal  solution  cautiously 
evaporated,  when    a   mixture   remains   of  the   free   acid   and 

^  Booking,  Ann.  Ckem.  Pharm.:  cciv.  18. 

^  Chapman  and  Smith,  Joum.  O'hem.  Soc.  N.S.  y.  296.    ,  ,      . 

3  Rohrbeck,  Ann.  Chem.  Phar-a^.  clxxxviii.  229  ;  Miller,  ih.  cc.  269. 

<  Brandes,  Zeitsch.  Chem.  1866,  458.  ';  .      ^  Geuther,  Jahrtsh.  1865,  303. 
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the  unattacked  salt.  This  latter  is  removed  by  rubbing  up 
the  residue  with  water  and  barium  carbonate,  and  isolating 
the  acid  from  the  resulting  barium  salt  by  the  process  just 
described. 

Acetoacetic  acid  is  a  thick,  strongly  acid  liquid,  which  de- 
composes violently,  even  below  100°,  into  carbon  dioxide  and 
acetone ;  and  methyl-acetoacetic  acid  comports  itself  in  an  exactly 
corresponding  manner.^ 

a-Amidopentoic  Acid,  CH^.CH^.CHg.CHCNH^OCOgH,  is  ob- 
tained by  the  action  of  ammonia  on  a-brompentoic  acid,  and 
crystallizes  from  water  in  long  prismatic  needles.^ 

629  r^-Oxypentoic  Acid,  CH3.CH(OH).CH2.CH2.C02H,  is  not 
known  in  the  free  state,  but  its  anhydride  termed  valerolactone 
has  been  prepared. 

^\^len  allyl-acetic  acid,  CR^^CKGB.^.CIl^.GO^lI,  is  brought 
in  contact  with  hydrobromic  acid,  combination  takes  place,  7-brom- 
pentoic  acid  being  formed,  and  this  when  heated  with  water  is 
converted  into  valerolactone.^  It  may  be  obtained  more  readily 
by  acting  on  /S-acetylpropionic  acid,  CHg.CO.CHg.CHg.COgH, 
with  sodium  amalgam  and  watei.^  It  is  a  liquid  possessing  a 
weak  but  not  unpleasant  smell,  boiling  at  206° — 207°  and  forming 
with  water  a  neutral  solution  from  which  it  may  be  withdrawn 
by  ether.  "When  boiled  with  baryta-water  it  yields  barium 
oxypentoate,  an  amorphous  substance  like  the  similarly  prepared 
calcium  salt.  Silver  fentoate,  CgHgOgAg,  is  somewhat  difficultly 
soluble  in  cold,  though  readily  soluble  in  boiling  water,  and 
it  crystallizes  in  asymmetric  prisms.  Valerolactone  has  the 
following  constitution : 

CH3.CH.CH2.CH2 

O CO 

In  addition  to  this  several  other  lactones  are  known.  The 
lowest  member  of  the  series  is  the  anhydride  of  7-oxybutyric  acid, 
a  body  which  has  already  been  described  (p.  169).  The  general 
formula  of  these  bodies  is 

XCxi.CHo.CHo 

I        I 

0 CO 

^  Ueresole,  Bcr,  Deutsch.  Chem.  Ges,  xv.  1326  and  1871* 

■•=  Gustin,  Bidl.  Soc.  Chim.  Ixxiii.  3. 

^  Messerschmidt,  Ann.  Chem,  Pharm.  ccviii.  92. 

*  Wolff,  ih.  ccviii.  104. 
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in  which  X  signifies  hydrogen  or  an  alcohol  radical.  None  of 
the  acids  corresponding  to  these  lactones  are  known  in  the  free 
state,  but  their  salts  are  known,  from  which  acids  liberate  the 
lactone.^ 

630  ^-Acetylpropionic  Acid,  CHg.CO.CHg.CHg.COgH,  was 
first  prepared  by  Tollens  and  A.  v.  Grote  by  boiling  cane-sugar 
with  dilute  sulphuric  acid,  and  termed  by  him  Icevulinic  acidP- 
Conrad  then  showed  that  this  same  acid  is  obtained  by  the 
decomposition  of  ethyl  aceto-succinate  with  baryta-water :  ^ 

CH3  CH3 

I  i 

CO  CO 

CH.CO.OC2H5    -t-    2H2O     =     CH2    -f    COs  +  2HO.C2H5. 

CII9  CHo 

I  I 

CO.OC2H5  CO.OH. 

Lsevulinic  acid  is  also  easily  formed  when  Isevulose  (Isevo- 
rotatory  grape-sugar)  is  boiled  with  dilute  sulphuric  acid  or 
hydrochloric  acid.  In  place  of  this  sugar,  such  carbo-hydrates 
may  be  employed  as  yield  this  body  on  treatment  with  dilute 
acids.^  Milk-sugar  and  dextro-rotatory  grape-sugar  (dextrose) 
are,  however,  on  the  other  hand  only  converted  with  difficulty 
into  this  acid.^  Formic  acid  is  always  formed  together  with 
the  above  acid : 

CeH,,Oe  =  C.HgOs  +  CH^O^  +  H,0. 

A  part  of  the  sugar  is,  in  this  reaction,  converted  into  a  brown 
humus-like  body,  so  that  in  the  most  favourable  cases  100  parts 
of  cane-sugar  yield  14  parts  of  Isevulinic  acid.®  Usually,  however, 
a  much  smaller  yield  is  obtained  (Grote,  Kehrer  and '  ToUens). 

Lsevulinic  acid  is  easily  soluble  in  water,  alcohol,  and  ether, 
and  crystallizes  in  scales  mfelting  at  33°'5.  It  is  very  hygro- 
scopic, and  traces  of  moisture  lower  its  boiling  point.  Its  specific 


^  Fittig,  Ann.  Gh&m.  Pharm.  ccviii.  111. 

2  Ann.  Chem,  Pharm,  clxxv.  181 1  see  also  Grote,  Kehrer  and  Tollens,  ib. 
ccvi.  207.  ^  2h.  clxxxviii-.  222, 

^  Bente,  Per.  Deutsch.Chem.  Ges.  viii.  416 ;  ix.  1157; 

^  Grote  and  Tollens,  Ann,  Chem,  Pluirm,  ccvi.  226  ;  Rodewald  and  Tollens,  ih, 
ccvi.  23, 

^  Conrad,  Per.  Deutsch.  Chem,  Ges.  xi.  2178. 
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gravity  is  1'135  at  15°,  and  it  boils  with  slight  decomposition 
at  239*^.  When  heated  with  hydriodic  acid  and  amorphous 
phosphorus/  or  treated  with  sodium  amalgam  in  acid  solution,^ 
it  is  reduced  to  normal  pentoic  acid.  On  oxidation  with 
dilute  nitric  acid  it  yields  succinic  acid,  acetic  acid,  oxalic 
acid,  and  carbon  dioxide,  and  in  addition  hydrocyanic  acid  and 
ammonia.^ 

631  The  Isevulinates  of  the  alkali  metals  are  very  soluble  in 
water.     The  barium  salt  is  amorphous. 

Calcktm  Lmvulinate,  (C5Hy03)2Ca,  crystallizes  from  water  in 
easily  soluble  needles  having  a  silky  lustre. 

Zinc  LcBvulinate,  (C^HyOgJg^n,  forms  silver-white  needles  or 
scales,  which  are  easily  soluble  in  water  and  alcohol. 

Silver  Lcevulinate,  CgH^OgAg,  is  difficultly  soluble  in  cold 
water,  more  soluble  in  hot  water,  and  crystallizes  in  long  six- 
sided  tables. 

The  ethereal  salts  of  leevulinic  acid  are  liquids  which  have 
a  fruit-like  smell.  The  following  have  been  prepared  (Grote, 
Kehrer  and  Tollens)  : 

B.P.         Sp.  Gr.  atO" 

Methyl  Isevulinate,  C5H7(CH3)03  191°-5  1-0684 
Ethyl  lajvulinate,  G^B.^{G.^^)0^  200°-5  1-0325 
Propyl  Isevulinate,  0511^(03117)03        215°-5         I'OIOS 

a-TricUoTOxypentoic  Acid,  CH3.CCl2.CHCl.OH(OH).O02H. 
The  nitril  of  this  acid  is  formed  by  the  union  of  butyl  chloral 
(p.  166)  with  hydrocyanic  acid.  It  crystallizes  in  laminse, 
melting  at  101° — 102°,  and  is  difficultly  soluble  in  water,  but 
dissolves  readily  in  alcohol.^  When  heated  with  strong  hydro- 
chloric acid  the  oxyacid  is  obtained,  which  is  scarcely  soluble 
in  cold  water,  but  is  readily  soluble  in  alcohol  and  ether.  It 
crystallizes  in  gypsum-like  tables  which  melt  at  140°.  When 
the  alcoholic  solution  is  saturated  with  hydrochloric  acid,  the 
ethyl  salt  is  obtained,  crystallizing  in  long  prisms  melting  at 
40°  and  boiling  with  slight  decomposition  at  255°. 

^  Kehrer  and  Tollens,  Ann.  Chem,  Pharm.  ccvi.  233. 
"■  Fittig,  ib.  ccviii.  109.  3  Tollens,  ih,  ccvi.  257. 

*  BischofF  and  Pinuei',  Ann.   Chem.   Pharm.  clxxix.  97  ;  Pinner  and  Klein, 
Ber.  Deutsch.  Chem.  Ges.  xi.  1488. 
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Dibasic  Acids,  C^HgO^. 

632  Ghttaric  Add,  CO.H.CH^.CH^.CH^.CO^H,  was  first 
obtained  by  Dittmar  by  heating  glutanic  acid,  C3H5(OH)(C02H)25 
(to  be  hereafter  described)  with  hydriodic  acid,  and  termed  by 
him  desoxyghttanic  acid}  It  is  obtained  synthetically  when  tri- 
methylene  bromide  (p.  130)  is  heated  with  potassium  cyanide 
and  alcohol,  and  the  product  boiled  with  potash.^  It  is  also 
formed  when  ethyl  sodacetacetate,  diluted  with  benzene,  is  treated 
with  ethyl  yS-iodopropionate,  when  the  ethyl  salt  of  acetoglutaric 
acid  is  first  formed,  a  slightly  smelling  oily  liquid  boiling  at 
271° — 272°,  and  decomposed  by  caustic  potash  into  glutaric  and 
acetic  acids  and  alcohol.^ 

Glutaric  acid  is  easily  soluble  in  waterj  alcohol,  and  ether, 
crystallizing  in  large  monoclinic  prisms  melting  at  97°'5,  and 
boiling  with  slight  decomposition  at  302° — 304°.  Of  its  salts, 
zinc  glutarate,  CgH^O^Zn,  is  specially  characteristic.  It  crystal- 
lizes in  needles  and  dissolves  at  18*^  in  102  parts  of  water. 
When  a  saturated  solution  is  heated,  it  separates  out  as  a 
granular  precipitate  consisting  of  characteristic  microscopic 
crystals. 

The  ethyl  salt,  G^qO^(G^^^,  is  a  liquid  boiling  at 
236°-5— 237°. 

Glutaric  Anhydride,  C^HgOg,  is  formed  by  heating  the  acid 
for  some  time,  or  by  treating  the  silver  salt  with  acetyl  chloride. 
It  crystallizes  from  ether  in  long  needles  which  melt  at  56° — 57°, 
and  boils  with  partial  decomposition  at  282° — 287°.^ 

AmidoghUaric  Acid,  or  Glutaminic  Acid,  C3H5(NH2)(C02H)2, 
is  formed  together  with  other  compounds,  when  various  albu- 
minoid substances  are  boiled  with  dilute  sulphuric  acid,^  or  with 
hydrochloric  acid  and  tin  dichloride.^  Glutamine,  the  corre- 
sponding homologous  amide  of  asparagine,  is  found  in  beet-root,^ 
in  the  shoots  of  vetch  ^  and  the  pumpkin,^  but  has  not  been 

^  Journ.  Praht.  Chem.  [2],  v.  338. 

^  Julie  Lerniontow  and   Markownikow,    Ann.    Chem.    Phar.n.    clxxxa.    341  ; 
Reboul,  Ann.  Chim.  Phys.  [5],  xiv.  501. 
^  Wislicenus  and  Limpach,  Ann.  Chem.  Pharm.  cxcii.  128. 

*  Markownikow,  Jotcrn.  Puss.  Chem.  Ges.  ix.  283, 

^  Ritthausen,  Journ.  Prakt.  Chem.  xcix.  454 ;  ciii.  ^^  and  274  ;  cvii.  208  ;  [2], 
iii.  314. 

*  HlasiVetzand  Habermann,  Ann.  Chem.  Pharm.  clxix.  157. 
^  Schulze,  Ber.  Deulsch.  Chem.  Ccs.  a.  85. 

^  Gonip-Besauez,  ib.  x,  780. 

®  Schulze  and  Barbieri,  Journ.  Prakt  Chem.  [2],  xx.  391. 
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obtained  in  the  pure  state  from  these.  It  is  converted  by  boiling 
■with  hydrochloric  acid  into  glutaminic  acid.  Glutaminic  acid 
crystallizes  in  rhonabic  pyramids  or  sphenoids.  It  dissolves 
at  16°  in  100  parts  of  water,  is  less  soluble  in  spirit  of  wine,  and 
does  not  dissolve  in  absolute  alcohol.  Its  salts  crystallize  well, 
and  it  also  combines  with  acids. 

633  a-Oxyglutaric  Acid,  or  GhdaniG  Acid,  C3H5(OH)(C02H)2, 
was  obtained  by  Ritthausen  by  the  action  of  nitrous  acid  on  gluta- 
minic acid.^  It  is  best  to  employ  the  hydrochlorate  of  this  latter 
body,  and  to  add  the  requisite  quantity  of  potassium  nitrite  to 
its  dilute  solution,  and,  to  complete  the  decomposition,  nitrogen 
trioxide  is  led  in.  The  liquid  is  evaporated  on  a  water-bath,  and 
the  acid  extracted  with  ether.^  Oxyglutaric  acid  occurs  in 
molasses,  being  probably  a  product  of  decomposition  of  the 
glutaminic  acid  contained  in  the  sugar-cane.^  It  is  easily 
soluble  in  water,  and  forms  small  crystals  melting  at  72° — 73" 
and  solidifying  to  a  transparent  mass.  When  the  solution  is 
neutralized  with  zinc  carbonate  and  evaporated  to  a  syrup, 
transparent  four-sided  tables  separate  out  after  a  few  days. 
These  are  converted  by  hot  water  into  a  difficultly  soluble 
pulverulent  salt  which  cannot  be  again  transformed  into  the 
soluble  variety,  and  which  is  deposited  from  hot  saturated 
solution  in  warty  concretions  or  small  needles  having  the 
composition  C^HgO^Zn  +  SH.^O. 

^-Oxyglutaric  Acid,  C3H^(OH)(C02H)2,  was  obtained  by 
Simpson,  who  termed  it  oxypyrotartaric  acid,  by  heating  dichlor- 
hydrin,  CH2C1.CH(0H).CH2C1  (see  Glycerine),  with  alcohol  and 
potassium  cyanide,  and  boihng  the  product  with  caustic  potash. 
It  forms  crystals  easily  soluble  in  water,  alcohol,  and  ether, 
and  melting  at  135°.^  Its  constitution  is  seen  from  its  mode  of 
formation,  and  as  only  two  isomeric  normal  acids  of  this  com- 
position can  exist,  that  of  the  a-acid  is  thus  also  determined : 

a-Oxyglutaric  Acid.  ;3-0xyglutaric  Acid. 

CH2.CO2H  CH2.GO2H 

CH,  CH(OH) 

I     "  I 

CH(0H).C02H.  CH2.CO2H. 

1  Journ.  Prakt.  Chem.  ciii.  239. 

2  Markownikow,  Ann.  Chem.  Pharm.  clxxxii.  348. 

^  Von  Lippmawn,  Ber.  Deutsch.  Chem.  Ges.  xv.  1156. 
^  Proc.  Roy.  Soc.  xiii.  44, 
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634  Pyrotartaric  Acid,  ox  Methylsucdnic  Acid,  C02H.CH(CH3). 
CH2.CO2H.  The  history  of  this  acid  is  to  be  found  under  the 
heading  of  Pyroracemic  Acid.  It  is  formed  together  with  this 
body  and  other  products,  in  the  dry  distillation  of  tartaric  acid 
and  its  isomerides,  as  well  as  when  these  are  heated  with  con- 
centrated hydrochloric  acid  to  180°.^  Its  formation  probably 
precedes  that  of  the  pyroracemic  acid,  as  this  latter  acid,  which 
heated  either  by  itself  to  170°,  or  with  hydrochloric  acid  to 
100'\^  also  yields  pyrotartaric  acid.  It  is  therefore  also 
formed  in  the  distillation  of  glyceric  acid  (p.  153).  Simpson 
obtained  it  synthetically  by  heating  propylene  bromide  with 
potassium  cyanide  and  alcohol,  and  heating  the  pyrotartronitril, 
CH3.CH(CN).CH2.CN,  thus  obtained  with  fuming  hydrochloric 
acid.^  This  nitril  is  a  liquid  which  boils  at  252° — 254°,  and  on 
cooling  crystallizes  to  colourless  transparent  prisms  which  melt 
at  12°.^  Wislicenus  prepared  this  acid  from  ^-brombutyric  acid 
by  heating  the  ethyl  salt  with  potassium  cyanide,  and  boiling 
the  product  with  caustic  potash.^  Conrad  then  showed  that  it 
is  formed  when  ethyl  sodacetacetate  is  treated  with  ethyl 
a-brompropionate,  when  ethyl  ^-metJiylacetosuccinate,  boiling  at 
259°,  is  formed,  and  this  is  decomposed  by  caustic  potash  into 
pyrotartaric  acid.®  It  was  obtained  in  the  same  way  from  ethyl 
a-methylacetosuccinate,  CH3C(CO.CH3)(C02.C2H5)CH2.C03.C,H5, 
a  liquid  boiling  at  263°,  and  obtained  by  the  action  of  methyl 
iodide  on  ethyl  sodacetosuccinate.'^ 

In  order  to  prepare  pyrotartaric  acid,  a  mixture  of  tartaric  acid 
and  powdered  pumice-stone  ^  is  distilled  in  the  following  way ; 
400  grams  of  tartaric  acid  are  kept  for  15 — 20  minutes  in  a  state 
of  fusion  and  then  more  strongly  heated  until  acid  vapours  are 
evolved,  mixed  with  400  grams  of  hot  pumice  powder^  and  then 
the  whole  slowly  distilled  in  a  retorb,  the  operation  lasting  8 
or  9  hours.^  The  distillate  is  then  dissolved  in  3  to  4  times 
its  bulk  of  water,  and  separated  from  the  oily  products  by  means 
of  a  moistened  filter.  The  liquid  is  then  evaporated  on  a  water- 
bath  and  the  coloured  acid  is  recrystallized  from  dilute  nitiic 

^  Geuther  and  "Riemann,  Zeitsch.  Chem,  1869,  318. 

^  Clermont,  Ber.  Deutsck.  Chem,  Ges.  vi.  92  ;  Bottinger.  ?'&,  ix.  837  and  1_823; 

^  Fhil.  Trans.  1861,  parti,  p.  61  ;  see  also  Glaus,  Ann.  Chem.  Pharm.  cxci.  37. 

"*  Pinner,   Ber.  Deutsch.  Chem.  Ges,  xii.  2053. 

^  Ann.  Chem.  Pharm.  clxv.  93. 

^  Ann,  Chem.  Pharm.  clxxxviii.  227. 

^  Eressner,  ib.  cxcii.  138. 

®  Arppe,  Ann.  Chem.  P/iarm.  Ixvi.  73. 

^  Bechamp,  Compt.  Mend.  Ixx.  1000. 


254  THE  PENTYLENE  COMPOUNDS 

acid.  The  difficultly  soluble  acid  potassium  pyrotartrate  is 
prepared  from  the  mother-liquors,  recrystallized  from  weak 
alcohol,  decomposed  by  sulphuric  acid,  and  the  pyrotartaric  acid 
extracted  with  ether. "^ 

If  tartaric  acid  be  dissolved  in  an  equal  volume  of  acetic  acid  and 
evaporated  over  a  naked  flame  until  it  becomes  syrupy,  and  this 
allowed  to  stand,  pyrotartaric  acid  crystallizes  out  in  a  few  days.^ 
If  india-rubber  be  boiled  with  caustic  potash,  amongst  other  acids 
which  are  formed,  8  per  cent,  of  pyrotartaric  acid  is  obtained.^ 
Pyrotartaric  acid  crystallizes  in  small  triclinic  prisms  which 
are  grouped  in  stellar  masses  or  warty  concretions.  It  dissolves 
at  20""  in  1'5  parts  of  water,  and  is  also  easily  soluble  in  alcohol 
and  etlier.  It  has  a  cool  purely  acid  taste,  melts  at  112°,  and 
decomposes,  when  quickly  heated  above  200",  into  water  and  the 
anhydride.  If,  however,  it  be  exposed  for  a  long  time  to  a  tem- 
perature of  200° — 210°  small  quantities  of  butyric  acid  and 
carbon  dioxide  are  also  formed.*  The  latter  products  of  decom- 
position are  given  off  when  the  aqueous  solution  is  exposed  to 
sunlight  in  the  presence  of  a  uranic  salt.^ 

635  j^ormal  Potassium  Pyrotartrate,  CgHgO^K^^  -h  2H2O,  is  very 
easily  soluble  in  water  and  crystallizes  in  flat  prisms,  which  on 
exposure  to  dry  air  lose  one  molecule  of  water  and  are  converted 
into  warty  masses  consisting  of  microscopic  needles. 

Acid  Potassium  Pyrotartrate,  CgHgO^KH,  is  precipitated  from 
the  saturated  solution  of  the  foregoing  salt  by  the  acid  in  the 
form  of  a  crystalline  powder.  It  crystallizes  from  hot  water  in 
large  transparent  mouoclinic  prisms. 

Normal  Calcium  Pyrotartrate,  C5H^04Ca  +  2H20,  crystallizes 
in  microscopic  four-sided  prisms  which  dissolve  in  about  100 
parts  of  boiling  water.  If  dissolved  in  the  aqueous  acid  and 
the  solution  carefully  evaporated,  crystals  of  the  compound 
{G^fi^)f^^  -h  ^CgHgO^  -h  4H2O  are  deposited.^ 

Normal  Lead  Pyrotartrate,  C^HgO^Pb  +  2H2O,  is  very  shgbtly 
soluble  in  cold  water  but  dissolves  more  readily  in  boiling  water 
and  crystallizes  in  prisms. 

Silver  Pyrotartrate,  C^HgO^Agg,  is  a  slimy  precipitate,  slightly 
soluble  in  hot  water;  it  dissolves  more  readily  in  ammonia, 
from  which  it  crystallizes  in  needles. 

^  Bourgoin,  Ann.  Chim.  Phyi.  [5],  xii.  419. 

^  Sacc,  Zdtsch.  Chcm.  1870.  432. 

^  Barth  and  Hlasiwetz,  Ann.  Chem.  Pharm.  cxxxviii.  73. 

^  Claus,  Ann.  Chem.  Pharm.  cxci.  48.  ^  Seekamp,  ih.  cxxxiii.  253. 

^  Arppe,  A7in.  Chem.  Pharm.  Ixvi.  73,  xc.  138. 
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The  solutions  of  the  normal  salts  are  precipitated  with  ferric 
chloride. 

Ethyl  Pyrotartrate,  Q^fP^[Q^^^,  is  an  oily  liquid  boiling 
■with  decomposition  at  218°,  possessing  a  burning  bitter  taste,  and 
smelling  like  sweet  flag.^ 

Pyrotartaric  Anhydride,  C^HgOg,  is  best  obtained  by  heating 
the  acid  with  phosphorus  pentoxide.^  It  is  an  oily  liquid  boiling 
at  245°  and  is  slowly  dissolved  by  water. 

Oxy pyrotartaric  Acid,  or  a -Methoxy succinic  Acid^  051^7(0 H)0^. 
This  acid  is  formed  when  ethyl  acetacetate  is  heated  for  3  days 
with  anhydrous  hydrocyanic  acid  and  the  product  boiled  with 
hydrochloric  acid ; 

CH3  CHo 

I    .  I 

C(OH)CN  ^  HCl  4  3H2O  =  C(OH)CO.OH  + 

CH2CO.OO2H5  CH^CO.OH 

NH4CI  +  HO.C2H,. 

K  the  solution  be  allowed  to  evaporate  over  sulphuric  acid, 
needles  united  in  stellar  groups  are  deposited.  These  melt  at 
108°,  are  very  deliquescent,  and  also  easily  soluble  in  alcohol 
and  ether.  When  heated  to  200°  they  decompose  mainly  into 
water  and  citraconic  anhydride,  a  body  which,  together  with 
various  isomeric  oxypyrotartaric  acids,  will  be  described  under 
the  head  of  Citric  Acid. 

636  Ethyl  Malonic  Acid,  CH3.CH2.CH(C02lI)2.  When  the 
ethyl  salt  of  a-brombutyric  acid  is  heated  with  potassium  mercuric 
cyanide  to  130°  the  corresponding  salt  of  a-cyanbutyric  acid  is 
obtained.  This  is  an  aromatic  smelling  liquid  boiling  at  209°. 
and  on  heating  with  hydrochloric  acid  or  caustic  potash  is  con- 
verted into  ethyl  malonic  acid.^  This  acid  is  easily  soluble  in 
water,  alcohol,  or  ether,  and  crystallizes  in  rhombic  prisms  which 
melt  at  lll°-5  and  decompose  at  160°  into  carbon  dioxide  and 
butyric  acid.  Its  calcium  salt,  CgHgO^Ca  +  HgO,  crystallizes  in 
prisms  and  dissolves  more  readily  in  cold  than  in  hot  water. 
Solutions  of  its  normal  salts  are  not  precipitated  by  ferric 
chloride. 

^  Gruner,  NcuJourn.  Pharm.  xxiv.  55  ;  Malaguti,  ib.  xxv.  272  ;  Arppe,  loc.  ciL 
2  Demargay,  Bull.  Soc.  Chim.  L^],  xxvii.  120  ;  Morris,  Journ.  Chem.  Soc.  1880, 

X   6. 
^  "Wislicenus  and  Urech,  Ann.  Chem.  Fharm.  clxv.  93  ;  Tupolew,  ih,  clxxi. 

28  ;  Markownikow,  ih.  clxxxii.  329. 
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The  ethyl  salt  was  obtained  by  Markownikow  by  the  action 
of  ethyl  iodide  on  the  silver  salt,  and  Conrad  prepared  it  from 
ethyl  malonate  by  adding  16  grams  of  this  substance  and 
20  grams  of  ethyl  iodide  to  a  solution  of  2 '3  parts  of  sodium  in 
25  grams  of  absolute  alcohol,  and  then  isolated  the  ethereal  salt 
by  fractional  distillation.  It  is  a  mobile  liquid  which  boils  at  207" 
and  at  18°  has  a  specific  gravity  of  1"008/  When  acted  upon 
by  chlorine  it  is  converted  into  the  ethyl  salt  of  ethyl  chlormalonic 
acid,  CH3.CH2.CC](C02C2H5)2,  a  liquid  boiling  at  228°. 

Mhyl  Oxymalonic  Add,  or  Ethyl  Tartrowic  Acid,  CHgCHg. 
C(OH)(C02H)2,  is  formed  by  heating  the  chlorinated  ethereal 
salt  with  baryta-water.  It  is  crystalline,  soluble  in  water,  and 
melts  at  98°,  decomposing  at  180°  into  carbon  dioxide,  and 
a-oxybutjTic  acids,  products  which  are  also  formed  when  the 
chlorinated  ethereal  salt  is  boiled  for  some  time  with  dilute  hydro- 
chloric acid  in  connection  with  an  inverted  condenser.^ 

Dimethyl  Malonic  Acid,  (CH3)2C(C02H)2,  was  obtained  by 
Markownikow  by  heating  the  ethyl  salt  of  bromisobutyric 
acid  with  water  and  cyanide  of  potassium.  The  product  is 
then  treated  with  sulphuric  acid  and  the  impure  cyaniso- 
butyric  acid  extracted  by  ether  and  decomposed  by  potash. 
The  solution  is  then  evaporated  and  after  acidification  treated 
with  ether.3 

Dimethyl  malonic  acid  is  somewhat  less  easily  soluble  in  water 
than  its  isomeric  acids,  and  is  difficultly  soluble  in  alcohol. 
It  crystallizes  in  four-sided  prisms  which  sublime  in  feather-like 
needles  at  about  120°  and  melt  at  170°,  when  decomposition 
into  carbon  dioxide  and  isobutyric  acid  occurs.  Its  calcium 
salt   is   easily   soluble    in    cold    water,   and    separates   out   on 


^  Ann.  Chem.  Pharm.  cciv.  134. 

2  Guthzeit,  £er.  Deutsch.   Chcm.  Ges.  xiv.  618.     Ann,   Chem.  Pharm   ccix. 
232. 

3  Ann.  Chem.  Pharm.  clxxxii.  336. 
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637  Normal  Hexylcne,  CgH^g,  can  exist  in  three  isomeric  forms : 

Butyl-ethylene,  CH3.CH2.CH2.CH2.CH  =  CH^. 

Methyl-propyl-ethylene,  CH^.CH^.CHg.CH  =  CH.CH3. 
Diethyl-ethylene,  CH3.CH,.CH  =  CH.CH2.CH3. 

Of  these  only  the  second  is  known  with  certainty.  This  is 
easily  obtained  by  heating  secondary  hexyi  iodide  with  alcoholic 
potash.^  It  is  a  liquid  possessing  a  faint  garlic-like  smell,  boiling 
under  a  pressure  of  737°"9  at  67°,  and  having  at  0°  a  specific 
gravity  of  0'6997.  If  dissolved  in  a  mixture  of  1  volume  of 
water  and  3  volumes  of  sulphuric  acid,  and  if  water  be  then 
added,  methyl-butyl  carbinol  separates  out.  It  easily  unites  with 
hydriodic  acid  to  form  the  corresponding  iodide,  and  also  com- 
bines slowly  in  the  cold  with  hydrochloric  acid  to  form  secondary 
hexyl  chloride.-  It  is  converted  by  oxidation  into  butyric  and 
acetic  acids.^ 

An  hexylene  possessing  the  same  composition  is  obtained 
when  the  mixture  of  monochlorides  obtained  from  the  normal 
hexane  derived  from  mannite  is  heated  with  potash  and  alcohol. 
At  the  same  time  a  mixture  of  methyl  hexyl  ethers  is  obtained. ^ 
On  the  other  hand,  hexane  from  petroleum  yields  together  with 
the  ethers  a  mixture  of  two  hexylenes,  one  of  which  unites  with 
hydrochloric  acid  to  form  a  hexyl  chloride  boiling  at  116° — 118°, 
the  alcohol  of  which  yields  acetic  and  propionic  acids  on  oxida- 
tion. This  would  show  that  a  normal  paraffin  is  mixed  with 
the  hexane.  The  second  hexylene  does  not  combine  with 
hydrochloric   until   it  is  heated  to   130° — 140°,   but  the  hexyl 

^  Erlenmeyer  and   Wanklyn,  Ann.    Chem.  Pharm.    cxxxv.   141  ;  Hecht,    ih. 
ckv.  150. 
^  Hecht,  Ber.  Dmtsch.  Chem.  Ges.  xi.  1152;  Domac,  Monatsh.  Chem.  ii.  309. 
*  Schorlemmer,  Proc.  Roy.  Soc.  xxix.  364. 
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chloride  thus  obtained  is  identical  with  that  got  from  mannite.^ 
Probably  this  hexylene  is  the  isomeric  butyl-ethylene. 

Two  hexylenes  have  been  found  in  the  products  of  the  distil- 
lation of  pitch  from  Pechelbronn^  possessing  the  same  properties 
as  those  from  petroleum.'^ 

MGt]iyl-pT02:)yl-dhylcne  Glycol,  C^H^2(OH)2.  This  was  first 
obtained  by  Wurtz  by  the  same  process  as  ethylene  glycol.^ 
It  is  also  formed  by  heating  the  bromide  with  dilute  solution 
of  carbonate  of  potash,^  or  with  dilute  sulphuric  acid.^  It  is 
a  thick  liquid  soluble  in  water,  boiling  at  207°;  and  having  at 
0°  a  specific  gravity  of  0"9669.  On  oxidation  it  yields  the  same 
products  as  the  define.  When  heated  with  hydrochloric  acid  it 
forms  the  chlorhydrin,  which  is  also  produced  by  the  union  of 
hexylene  with  hypochlorous  acid.  This  is  a  heavy  colourless  liquid 
which  decomposes  on  heating.  Nascent  hydrogen  converts  it 
into  methyl-butyl  carbinol  (Domac).  Hence  its  constitution  is 
C3H7.CHC1.CH(0H)CH3.  When  distilled  with  caustic  potash 
it  yields  hexylene  oxide,  CgH^gO,  a  light  pleasantly  smelling 
liquid  boiling  at  115°  (Wurtz). 

Hexylene  Bromide,  Q^^fii^,  is  a  strongly  smelKng  oily  liquid, 
boiling  at  195° — 197°,  and  having  a  specific  gravity  at  0°  of 
1'6058.^  When  heated  with  potash  and  alcohol  hromhexyUne, 
CgHj^Br,  is  formed,  a  liquid  boiling  at  138° — 141°,  and  having  a 
specific  gravity  at  0°  of  1-2205. 

a-Ethyl-dimethyl-ethylcne,  Q,111GR^)G  =^  CH.CHg,  is  formed 
as  a  by-product  in  the  preparation  of  diethyl-methyl-carbinol, 
and  also  when  its  iodide  is  decomposed  with  alcoholic  potash: 

CH..CH2X  CH3.CH2\ 

CH^.CH^-CI     =     CH,.CHIIG     +    HI. 
CH3/  CH3/ 

It  is  a  hquid  boihng  at  69°-5 — 71°,  and  having  a  specific  gravity 
at  0°  of  0-698.  On  oxidation  it  yields  acetic  acid  and  ethyl- 
methyl  ketone.^ 

^-Ethyl-dimethyl-ethyhne,  CgH^.C  =C(CH3)2,  is  obtained  in 
the  preparation  of  dimethyl-propyl-carbinol  as  well  as  by  the 

1  Morgan,  Joitni.  Chem.  Soc.  IST.S.  xiii.  301 ;  clxxvii.  304:  Schorlemmer,  i6. 
306. 

2  Le  Bel,  Bull.  Soc.  Ghim.  xviii.  1^7. 

3  Ann.  Chim.  Phys.  [4],  iii.  180. 

*  Hecht  and  Munier,  Ber,  Deutsch.  Chem.  Gcs.  xi.  "'154. 

5  Hecht,  ib.  xi.  1423. 

^  Hecht  and  Strauss,  Ann.  Chem.  Pharm.  clxxii.  62. 

^  Tchaikowsky,  Jahresh,  1872,  350  ;  Jawein,  Ann   Chem.  Pharm.  cxcv.  259. 
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action  of  caustic  potash  on  the  iodide.  It  boils  at  Q5° — 67°,  and 
at  0°  has  a  specific  gravity  of  0702.  On  oxidation  it  yields 
acetone  and  acetic  and  propionic  acids."^ 

Pseudo-hutyl-ethykm,  (CH3)3C.CH~CH3,  is  formed  by  heating 
pinacolyl  iodide  (Part  I.  p.  633,)  with  water.  It  is  a  Hquid  boil- 
ing at  70°,  and  with  bromine  forming  a  crystalline  dibromide.^ 

Tetraviethyl-ethf/le7ie,  (CB.^\G^zG(GlI^\,  is  formed  by  acting 
with  alcoholic  potash  on  the  iodide  of  isopropyl-dimethyl- 
carbinol.  It  is  a  Hqnid  boiling  at  73°,  and  having  a  specific 
gravity  at  0°  of  0'712.^  On  oxidation  it  yields  acetone,  together 
with  acetic  acid  and  tertiary  valeric  acid. 

638  Tetramethyl-ethyhne  Glycol,  (CH3),C(OH).C(OH)(CH3)„ 
was  prepared  by  Fittig  by  acting  with  sodium  on  acetone,  and 
termed  paracetone.^  Stadeler,  who  investigated  it  more  exactly, 
gave  to  it  the  name  of  pinacone,  which  it  now  usually  bears 
(from  TTiva^,  a  tablet),  because  it  unites  with  water  to  form  a 
compound  crystallizing  in  large  tablets.^  Friedel  then  showed 
that  it  is  formed  (together  with  isopropyl  alcohol)  by  the  action 
of  sodium  amalgam  on  an  aqueous  solution  of  acetone.^ 


CH3  CH3 

\50 

H 

CH,  CH, 
G.OH 

CO 

GH3  CH3 

+ 
H 

G.OH 
/\ 
GH3  CH3. 

That  it  is  obtained  by  the  action  of  sodium  alone,  with- 
out any  addition  of  water,  is  accounted  for  by  the  fact  that 
a  part  of  the  acetone  is  converted  into  mesityl  oxide  and  phorone 
with  separation  of  water  (see  Part  I.,  pp.  572,  573). 

Its  formation  from  acetone  renders  it  very  probable  that  it  is  a 
glycol  of  tetramethyl-ethylene,  and  this  is  further  proved  by  the 
fact  that  it  is  also  formed  when  the  dibromide  of  this  oletine  is 
treated  with  silver  acetate,  and  the  diacetate  then  decomposed  by 
baryta.^  In  order  to  prepare  it  a  solution  of  carbonate  of  potash 
is  made  of  such  a  strength  that  it  does  not  perceptibly  dissolve 
any  acetone,  but  readily  evolves  hydrogen  when  sodium  i^  added. 

^  Jawein,  Ann.  Ohem.  Pharm.  cxcv.  255. 

2  Friedel  and  Silva,  Jahresh.  1873,  339. 

^  Pawiow,  Ann,  Chcm.  Pharm.  cxcvi.  124. 

*  Ann.  Chem.  Pharm,  ex.  25  ;  cxiv.  54.  ,  ;        , 

^  Ann.  Chcm.  Pharm.  cxi.  277.  ■      ,        ,       ^  i&.  cxxiv.  329, 

7  pawlow,  Ann.  Chem,  Pharm.' cxeyi.l2Q, 
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To  tliis  is  added  three  parts  of  acetone,  and  one  part  of  sodium 
is  gradually  introduced  in  large  pieces.  The  product  is  then 
separated  by  distillation  into  isopropyl  alcohol  and  pinacone.^ 

This  latter  compound  is  contained  in  the  product  as  the  above- 
mentioned  hydrate  which  decomposes  by  repeated  fractional 
distillation  into  water  and  the  glycol,  which  is  a  S3rrupy 
colourless  liquid  having  at  15°  a  specific  gravity  of  0'96,  and 
boiling  at  176°— 177°.  It  does  not  solidify  at  0°,  but  when 
placed  in  a  dry  atmosphere  it  passes  into  a  snow-white  crystalhne 
mass.  This  solid  modification  melts  at  35° — 38°,  and  boils  at 
171° — 172°.  The  distillate  soon  solidifies  again.  It  is  easily 
solubl  e  in  alcohol  and  ether,  and  crystal!  izes  from  boiling 
sulphide  of  carbon  in  small  needles.^  It  dissolves  sparingly 
in  cold  and  more  readily  in  boiling  water,  and  on  cooling, 
pinacone  hydrate,  CoK^fi^  +  ^HgO.  deposits  in  large  four-sided 
tables  which  melt  at  46°"5,  and  sublime  at  the  ordinary 
temperature,  volatilizing  readily  in  a  current  of  steam.  On 
oxidation  with  chromic  acid  solution,  pinacone  first  passes  into 
acetone,  and  it  is  converted  into  pinacoline  (Part  I.,  p.  633)  by 
the  action  of  boiling  dilute  sulphuric  acid. 

Tetra-methyl- ethylene  Chloride,  (CH3)2CCl.CCl(CH3)2,is  formed 
by  the  action  of  phosphorus  oxychloride  on  pinacone.  It  forms 
white  crystals  which  melt  at  160°.  A  dichloride  obtained  by 
Schorlemmer  by  acting  on  di-isopropyl  with  chlorine  appears  to 
be  identical  with  this  substance. ^ 

Tetramethy Methylene  Bromide^  (CH3)2CBr.CBr(CH3)2,  is  easily 
formed  by  the  union  of  bromine  with  the  define.  It  crystal- 
lizes  from  ether  in  large  well-formed  needles  which  melt  with 
decomposition  above  140°  (Pawlow). 


OXYACIDS,C6H,203,AND  KETONIC  ACIDS,  G^^^fi^- 

639  Oxyca]proiGAGid,oi:LeuciGAcid,QB.^{G'R^^,Q'R{0'K).QO^, 
was  first  discovered  by  Strecker  by  the  action  of  nitrous  acid  on 
the  corresponding  amido-acid  or  leucine.^  It  was  afterwards 
investigated  by  Waage  ^  and  Thudichum.^  It  is  easily  soluble 
in  water,  alcohol,  and  ether,  crystallizes  in  needles  or  prisms, 

1  Friedel  and  Silva,  Jahrenh.  1873,  340. 

^  Linneraann,  Ann.  Chem.  Pharm.  Suppl.  iii.  374. 

3  Friedel  and  Silva,  Ber,  Deutsch.  Chem.  Ges.  vi.  35. 

•*  Ann.  Chem.  Pharm.  Ixviii.  55  ;  see  also  Gdssmann,  ih.  xci.  135. 

''  Ih.  cxviii.  295.  ^  Quart.  Joxirn.  Chem.  Soc.  xiv.  307. 
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melts  at  73°,  and  begins  to  sublime  at  100°.  When  heated  for 
some  time  it  is  converted  into  the  anhydride,  a  syrup  insoluble 
in  water. 

Its  salts  as  a  rule  crystallize  well.  Zinc  leucate,  (CQBL-^fi^)^ 
Zn  +  HgO,  forms  colourless  plates,  and  dissolves  at  16°  in  300 
parts  of  water;  it  is  rather  more  soluble  in  boiling  water, 
and  still  more  soluble  in  alcohol.  Copper  kmicatey  (CgH^^03)2Cu, 
is  also  difficultly  soluble  in  water,  and  crystallizes  from  alcohol 
in  light  blue  plates.  Silver  leucate,  CgH^^OgAg,  is  deposited 
from  hot  water  in  colourless  crystals. 

Amidoeaproic  Acid,  or  Leucine,  C5Hjq(NH2).C02H,  was  first 
prepared  by  Proust,  in  1818,  from  decomposing  cheese,  and 
described  by  him  as ''oxide  caseeux."  ^  Two  years  afterwards, 
Braconnot,  by  the  action  of  sulphuric  acid  on  muscular  ribre, 
glue,  and  other  animal  substances,  obtained,  together  with 
glycocoll  ("  Sucre  de  gelatine  "  or  amidoacetic  acid)  "  une  mati^re 
blanche  particuli^re,"  which  he  termed  leucine,  from  XizV^o^y 
white.^  ,  Mulder  then  showed,  in  1838,  that  leucine  is  identical 
with  Proust's  compound,  and  that  it  not  only  is  formed  in  the 
putrefaction  of  casein,  and  by  the  action  of  sulphuric  acid  on 
albumen,  muscular  tissue,  etc.,  but  also  when  these  bodies  are 
heated  with  caustic  potash.^ 

Later  investigations  have  shown  that  all  substances  belonging 
to  the  group  of  albuminoids  or  other  nearly-related  substances 
yield  not  only  the  above  two  amido-acids  but  a  third  to 
which  the  name  of  tyrosine  or  oxyphenylamidopropionic  acid, 
CgH4(OtI)C2H3(NH2)C02H,  is  given;  and  that  leucine  fre- 
quently occurs  either  as  a  normal  or  pathological  product  of 
metabolism.^  It  has  been  found  in  the  liver,  spleen,  pancreas, 
lungs,  &c.,  as  well  as  in  the  lower  forms  of  animal  life,  such  as 
crayfish,  spiders,  caterpillars,  pupse  of  butterflies,  &c.  Accord- 
ing to  Gorup-Besanez  it  also  occurs  in  the  vegetable  king- 
dom, and,  together  with  asparagin  (amidosuccinamic  acid),  in 
the  white  sprouts  of  vetch.  He  showed  also  that  the  substance 
found  by  "Reinsch  in  Chenepodium  album,  is,  in  fact,  leucine.^ 
Schulze  and  Barbieri  found  it,  together  with  tyrosine,  aspartic 
and  glutamic  acids,  in  the  pumpkin.^     These  different  amido- 

^  Ann.  Chim.  Phys.  x.  40. 
^  Ann,  Chim.  Phys.  xiii.  119. 
3  Journ.  Prakt.  Ghem  xvi.  290. 

*  .^'rerichs   and    Stadeler,  Jahresb.   1856,   702 ;    Gonip-Besanez,  Ann.    Chem. 
Pharm.  xcviii.  1  ;  Cloetta,  ih.  xcix.  289 ;  Stadeler,  ib.  cxvi.  60. 
^  Per.  Deiitsch,  Chem.  Ges.  vii.  146,  569 ;  see  also  Cossa,  ib.  viii.  1357. 
«  Ib.  XL  1233. 
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acids  also  occur  in  yeast,  Laving  their  origin,  as  in  other  cases, 
in  the  decomposition  of  albuminoids. 

Fre^paration.  Clippings  of  horn  serve  as  a  convenient  material 
for  the  preparation  of  leucine.^  According  to  Schwanert  one 
kilogram  of  this  is  boiled  with  a  mixture  of  2\  kilos,  of  sulphuric 
acid  and  6^  kilos,  of  water  for  twenty-four  hours,  the  evaporated 
water  being  from  time  to  time  replaced.  The  hot  liquid  is  then 
neutralized  with  lime,  filtered,  and  evaporated  down  to  6  kilos.? 
the  lime  contained  in  the  liquid  precipitated  with  oxalic  acid, 
and  the  residue  concentrated  in  order  to  allow  the  leucine  and 
tyrosine  to  crystallize  out.  The  latter  substance  is  more  difficultly 
soluble  than  leucine.  It  is,  therefore,  separated  by  recrystalliza- 
tion,  and  the  leucine  purified  by  crystallization  from  alcoholic 
ammonia  (Huppert).  The  yield  is  about  10  per  cent,  of  the 
weight  of  the  horn.  A  larger  yield  may  be  obtained  from  the 
cervical  ligament  of  the  ox.  This  is  boiled  out  with  dilute  acetic 
acid,  dried  at  100°,  and  then  boiled  for  three  hours  with  a  mixture 
of  two  parts  of  sulphuric  acid  and  three  parts  of  water ;  the  yield 
amounts  to  from  36  to  45  per  cent,  of  the  dried  substance.^ 

640  Properties.  Leucine  dissolves  in  48'8  parts  of  water  at 
12°  (Hufner),  and  is  more  soluble  in  hot  water,  but  is  only  very 
slightly  soluble  in  alcohol  and  insoluble  in  ether.  It  crystallizes 
in  thin  pearly  nacreous  laminae  or  scales  which  are  wetted  by 
water  with  difficulty.  If  not  perfectly  pure  it  separates  out  in 
concentric  nodules  which  are  seen  to  consist  of  concentrically 
grouped,  highly-refracting  needles,  having  under  the  microscope 
the  appearance  shown  in  figs.  108  and  109.  When  carefully 
heated  in  a  tube  open  at  both  ends,  it  sublimes  in  light  flocks 
resembling  zinc  oxide  (lana  philosophica)  obtained  by  burning 
the  metal  in  the  air.  Sublimed  leucine  consists  of  very  thin 
scales  massed  together  in  a  rosette-like  form  as  shown  in  fig.  110. 
When  leucine  is  heated  in  a  retort  it  melts  at  170°  to  form  alight 
brown  sticky  mass  which  decomposes  at  180°,  yielding  chiefly 
pentylamine  and  carbon  dioxide.  If  fused  with  caustic  potash, 
pentoic  acid,  hydrogen,  ammonia,  and  carbon  dioxide  are  obtained 
(Liebig) ;  and  when  heated  with  fuming  hydriodic  acid  to  140° 
it  is  converted  into  caproic  acid  and  ammonia.^  A  characteristic 
reaction  for  leucine  is  that  when  heated  with  nitric  acid  on 

platinum  foil  a  colourless  residue  is  left  which  is  coloured  yellow 

I 

^  Hinterberger,  Ann.  Chem.  Pkarm   Ixxi.  72: 
-  Erlenmfi.yi^r  and  Schoffer,  /a/tresS.  1S59,  69Q, 
3  Hiifaer,  Zritsch.  Chcm.  1868,  391. 
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on  addition  of  caustic  soda,  and  on  careful  evaporation  this 
forms  an  oily  drop  wbich  does  not  wet  the  platinum.^  An 
apueous  solution  of  leucine  is  coloured  deep  red  by  ferric 
chloride.  Like  glycocoll  it  forms  easily  soluble  salts  with 
acids,  and  combines  with  the  nitrates  of  silver,  calcium, 
magnesium,  &c. 


Fig.  108. 


no.  109. 


Fig.  110. 


Amongst  its  metallic  compounds  the  copper  salt  is  the  most 
characteristic. 

Oo2>per  Amidoca2>roate,  [C^'S.^o(S'B.^)CO^Wn,  is  obtained  by 
dissolving  copper  hydroxide  in  a  boiling  solution  of  leucine.  It 
forms  light  blue  scales  dissolving  in  3045  parts  of  cold  and  1460 
parts  of  boiling  water.^ 


1  Scherer,  Jahresh.  1857,  541. 

2  Hofmeister,  lAeUg's  Ann.  clxxxix,  10. 
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641  According  to  Htifner  leucine  can  be  obtained  from  normal 
caproic  acid,  by  converting  into  the  monobrominated  acid,  and 
heating  this  with  ammonia.  On  careful  comparison  no  difference 
could  be  observed  between  this  artificial  and  the  natural  leucine.^ 
Nevertheless,  they  do  not  appear  to  be  identical,  for  when  mono- 
bromcaproic  acid  is  heated  with  a  solution  of  carbonate  of  soda 
it  yields  an  oxycaproic  acid  different  from  leucic  acid.  This 
oxycaproic  acid  forms  a  stellated  or  nodular  crystalline  mass, 
and  melts  at  60° — 62°.  Chromic  acid  solution  oxidizes  it  to 
pentoic  acid.  Zinc  oxyca'proate,  (C^-^-fi^^n  +  SHgO,  is  a 
flocculent  precipitate  which  dissolves  at  16°  in  681  parts 
of  water,  and  crystallizes  from  alcohol  in  fine  silky  needles. 
The  other  salts  of  this  acid  differ  from  the  corresponding 
leucates.^  The  cause  of  the  isomerism  of  these  two  acids  has 
yet  to  be  explained. 

LeucinimidCj  C^HgCH.CO.     This  body  occurs,  together  with 


NH 

leucine  and  the  above-named  amido-acids  as  a  product  of 
decomposition  of  the  albuminoids.^  It  was  fi.rst  observed  by 
Bopp,^  who,  however,  did  not  investigate  it  further.  It  crystal- 
lizes in  microscopic  rhombic  needles  difficultly  soluble  in  boiling 
and  insoluble  in  cold  water,  but  soluble  in  cold  alcohol.  On 
heating  it  melts,  and  sublimes  in  light  fiocculse  and  it  is  un- 
altered by  acids  or  alkalis.^ 

Oxyisocaproic  Acid,  (CH3)2CH.CH2CH(OH).C02H.  The  nitril 
of  this  acid  is  formed  by  the  combination  of  hydrocyanic  acid 
and  valeraldehyde,  and  is  a  light,  oily^  peculiarly-smelling  liquid, 
which  when  heated  again  decomposes  into  its  constituents. 
Fuming  hydrochloric  acid  decomposes  it  into  sal-ammoniac 
and  the  oxyacid,  which  forms  crystalline  scales,  melting  at 
54° — 55°,  and  on  oxidation  yielding  valeraldehyde  and  valeric 
acid.® 

Amido-isoca'proic  Acid,  or  Isoleitcine,  (CH3)2CH.CH2.CH(NH2) 
COgH.  This  body  was  obtained  by  Limpricht  by  acting 
with   hydrocyanic    and    hydrochloric    acids   on   valeraldehyde- 


^  Journ.  Praht.  Chem.  [2],  i.  6. 

^  Jelisalbw  and  Beilstein,  Org.  Chem.  435. 

3  Hesse  and  Limpricht,  Ann,  Chem.  Pharm.  cxvi.  201  ;  Erienmeyer,  ih.  cxis. 

17  ;  Hlasiwetz  and  Habermann,  ih,  clix.  328. 

^  lb,  Ixix.  20. 

^  Thudicliuin,  Journ.  Chem.  80c.  [2],  viii.  409. 

^  Erienmeyer  and  Sigel,  Ber.  Deutsch.  Chem.  Ges.  vii,  1109  ;  Ley,  ih.  x.,231. 
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ammonia.-''     In   order   to    prepare   it,   two   parts    of   the  latter 

compound,    which    must   be   pure,   and   one    part   of    aqueous 

hydrocyanic  acid  are  allowed  to  stand  overnight,  and  then  an 

excess   of   hydrochloric  acid  added,  and  the  whole   boiled  fur 

some  time.^  Isoleucine  closely  resembles  leucine,  the  compounds 

of  these  two  bodies  being  so  similar  that  the  former  substance 

was  for  a  long  time  considered  to  be  leucine.  It  is  distinguished, 

however,  from  the  latter  body,  inasmuch  as  at  12°  it  requires  for 

solution  117 '5  parts  of  water. 

Isoleucininiide  (CH3)2CIi.CH2.CH.GO,  is    formed,   when   the 

\/ 
ISfH 

foregoing  compound  is  heated  in  a  current  of  hydrochloric  acid 
to  220° — 230°.3  It  crystallizes  from  hot  alcohol  in  fine  needles 
which,  when  heated,  sublime  in  flocks  without  melting.  It  is 
scarcely  soluble,  even  on  boiling,  in  water,  ammonia,  caustic 
potash,  or  dilute  acids. 

642  Diethyl'Oxyacetic  Acid,  (C2H^)2C(OH).C02H.  This  acid, 
which  was  formerly  believed  to  be  leucic  acid,  and  is  usually 
called  diethyl-oxalic  add,  was  discovered  by  Frankland  *  and 
investigated  by  himself  and  Duppa.^  Its  ethyl  salt  is  formed 
by  the  action  of  zinc-ethyl  on  ethyl  oxalate.  Instead  of  zinc- 
ethyl,  ethyl  iodide  and  zinc  may  also  be  used.  The  metal 
should  in  this  case  be  slightly  amalgamated  by  dipping  it  for 
a  short  time  in  a 'weak  solution  of  corrosive  sublimate.^  All  the 
materials  used  must,  of  course,  be  anhydrous.  To  191  grams  of 
ethyl  oxalate  409  grams  of  ethyl  iodide  are  taken  together  with 
-an  excess  of  zinc,  and  to  this  about  5  grams  of  zinc-ethyl  and 
10  grams  of  ether  are  added,  by  which  means  the  action  is 
accelerated,  and  a  better  yield  is  obtained.  The  action  is  not 
assisted  when  a  larger  quantity  of  zinc-ethyl  is  used.^  The 
mixture  is  heated  in  the  water-bath  to  60°— 70°,  until  after  a 
lapse  of  12-15  hours  a  yellowish  thick  semi-crystalline  mass  is 
formed.     The  following  represents  the  reaction : 

CO.OC2H,  /C2H5  \'/  ^  /C^H^ 

I  +2Zn(^  =       C-O-ZnC^H^  +  Zn( 

CO.OC.H,  ^C^H,  I  ^OO^H^. 

'    '  CO.OC2H,. 

1  Ann.  Chem.  Pharm.  xciv.  243.  ^  Hufner,  Journ,  PraU.  Chem.  [2],  i.  6'. 

3  Kohler,  Ann.  Chem.  Pharm.  cxxxiv.  367.  ... 

*  Proc.  Roy.  Soc.  xil  396.  ^  lb.  xiv.  17  ;  Chem.  Soc.  Journ.  [2],  m.  166. 

^  Fittig,  Ann.  Chem.  Pharm.  cc,  21. 

^  Chapman  and  Smith,  Journ.  Chem.  Soc.  [2],  v.  173i 
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If  water  be  added  to  the  product  of  this  reaction,  ethane  is 
evolved,  and  the  ethereal  salt  of  diethyl  oxalic  acid  separates 
out: 

C—O— ZnC^Hg  +  2H2O  =  C.OH     +  G^K,  -\-  Zn(0H)2. 
CO.OC2H5  CO.OC2H5. 

The  ethereal  salt  is  distilled  off  in  a  current  of  steam  and  purified 
by  fractional  distillation.  In  order  to  obtain  the  free  acid  the  salt 
is  heated  with  baryta  solution,  and  the  baryta-salt  precipitated 
with  dilute  sulphuric  acid.  The  free  acid  is  also  obtained  by 
heating  the  ethereal  salt  with  hydrochloric  acid  to  110°.  This  dis- 
solves in  2"85  parts  of  water  at  17°'5,^  and  forms  triclinic  sapon- 
aceous crystals  which,  according  to  Duppa  and  Frankland,  melt 
at  74^^'o,  and  according  to  Haushofer  at  80°,^  but  begin  to  sublime 
at  50°.  Chromic  acid  solution  oxidizes  this  substance  to  diethyl- 
ketone,  carbon  dioxide,  and  water  (Chapman  and  Smith), 

The  most  characteristic  of  the  salts  is  zinc  diethyl-oxyacetate 
{C^-^fi^^n,  crystallizing  in  needles  or  scales,  dissolving  at  16° 
in  301  parts  of  water,  and  therefore  possessing  the  same  solu- 
bility at  this  temperature  as  zinc  leucate.  But  whilst  the  latter 
salt  is  more  easily  soluble  in  boiling  water,  the  reverse  is  the 
case  with  the  salt  just  described. 

643  Ethyl  Diethyl-oxyacetate  (C2H5)2C(OH).CO.OC2H5.  This 
is  a  colourless  oily  liquid,  boiling  at  175°,  having  a  specific 
gravity  at  18°*7  of  0*9613,  whilst  that  of  its  vapour  is  5'36.  It 
possesses  a  sharp  taste  and  a  penetrating  ethereal  smell.  It 
is  formed  by  the  reactions  just  described,  and  also  when  zinc- 
ethyl  acts  upon  the  chloride  of  ethyl-oxalic  acid  and  the 
product  is  heated  with  water.^  Frankland  and  Duppa  have  also 
described  the  following  ethers : 

B.P.        Sp.  Gr.  at 

Methyl  diethyl-oxyacetate,  CeHjiOs.CH,^      165°     0-9866     16°-5 
Amyl  diethyl-oxyacetate,     CeH^iOg.CgHn    225°     0.9323     13° 

■Other  bodies  belonging  to  the  group  of  the  oxycaproic  acids  will 
be  afterwards  described. 


^  Geuther  and  "Wackenroder,  Zeitsch,  Ohem.  1867,  705. 

2  Haushofer,  Zeitsch.  Kryst.  i.  619. 

2  Henry,  Ber.  Deutsch.  Chem.  Gcs.  v.  949. 
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The  ketonic  acids  obtained  by  this  reaction  are  not  known  in 
the  free  state,  though  their  ethereal  salts  have  been  prepared. 

Ethyl  Propionyl-propionate,  CH3.CH2.CO.CH2.CH2.CO2C2H5, 
is  formed  by  the  action  of  sodium  on  ethyl  propionate,  the 
product  being  treated  "with  acetic  acid.  It  is  a  pleasantly 
smelling  liquid  boiling  at  199°,  having  a  specific  gravity  at  0° 
of  0"994!8,  and  not  yielding  any  coloration  of  ferric  chloride.^ 

The   following  compounds  have    also  been  obtained   by  the 

aceto-acetic  acid  reaction : 

B.P.         Sp.  Gr.      at 
2  Ethyldimethyl-acetacetate, 

CH3.CO.C(CH3)2C02.C2H5       184°       0  9913     16° 
^  Methylethyl-acetacetate, 

CH3.CO.CH(C2H5)C02.GH3      189°'7     0-995       14° 
*  Ethylethyl-acetacetate, 

CH3.CO.GH(C2H,)C02.C2H5     198°        0-998       12 
^  Amylethyl-acetacetate, 

CH3.CO.CH(C2H5).CO.C,H,,    235°        0-937       26° 

The  ethyl  salt  of  ethyl-acetacetic  acid  is  converted  by  the 
action  of  sodium  amalgam  and  water  into  Ethyl- ^-oxyluhjric 
add,  CH3.CH(OH).CH(C2H,).C02H.  This  forms  a  syrup, 
and  on  standing  in  a  vacuum  is  converted  into  an  anhydrido- 
compound.^ 


ACIDS  HAVING  THE  FORMULA  Q^^^O^. 

644  Jdi;pic  Acid,  C4H8(C02H)2.  Laurent,  in  1837,  pointed 
out  that  when  oleic  acid,  C^^g^g^Og,  is  oxidized,  a  series  of 
dibasic  acids  are  formed,  to  which  he  gave  the  names  lipinicacid, 
CgHgO^;  adipic  acid,  CgH^oO^;  pimelic  acid,  Q^'K^p^\  suberic 
acid,  CgH^^O^  ;  and  azelaic  acid,  C^H^gO^.''  Bromeis  carried 
on  similar  experiments  with  stearic  acid  and  oleic  acid,  and 
obtained  succinic   acid   in   addition    to    the    above.^     Further 


^  Hellon  and  OppRnheim,  Ber.  Veutsch.  Chem.  Ges.  x.  699. 
2  Frankland  and  Duppa,  Phil.  Trans.  1866,  37. 
^  Brandes,  Zeitsch.  Chem.  1866,  457. 

*  Geuther,  Jahresh.    1863,   324  ;  Frankland  and  Duppa,   loc.  cit.  ;  AVislicenus, 
Ann.  Chem.  Pharm.  clxxxvi.  187  ;  Miller,  ib.  cc.  281.  .. 

5  Conrad,  ih.  clxxxvi.  228.  ^  Waldschmidt,  ih.  elxxxvm.  240. 

7  Ann.  Chim.  Phys.  Ixvi.  154.  «  Ann.  Chem,  Pharm.  xxxv.  86. 
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research  showed  that  spermaceti/  tallow,^  and  wax,^  yield 
chiefly  adipic  acid,  and  lastly  Wurtz,  by  oxidizing  the  solid  fatty 
acids  of  cocoa-nut  oil  obtained  not  only  the  products  observed 
by  Laurent  and  Bromeis,  but  also  oxalic  acid.  Still  the  exist- 
ence of  several  of  these  acids  remained  doubtful  until  the 
investigations  of  Arppe.  This  chemist  discovered  methods  by 
which  these  acids  can  be  completely  separated  one  from  the 
other,  as  was  not  formerly  the  case.  Arppe  showed  that 
lipinic  and  pimelic  acid  do  not  occur  in  the  products  of  the 
oxidation  of  fats,  but  that  the  substances  supposed  to  be 
these  acids  are  really  mixtures.  He  proved,  moreover,  that 
the  pure  acids  all  crystallize  perfectly  well,  these  having- 
previously  only  been  obtained  in  crystalline  crusts  or  warty 
concretions.*  According  to  the  former  methods  for  preparing 
adipic  acid,  the  higher  homologues  which  are  more  difficultly 
soluble  in  water  are  separated  by  crystallization,  and  the 
adipic  acid  obtained  by  concentrating  the  mother-liquor,  and 
further  purifying  by  recrystallization.  According  to  Arppe 
adipic  acid  is  formed,  together  with  suberic  acid  and  azelaic 
acid,  from  sebacic  acid  G-^qK^^O^,  which  itself  is  first  produced 
by  the  oxidation  of  the  fatty  acids  as  well  as  by  other  reactions. 
This  body  serves,  therefore,  as  the  best  means  of  obtaining 
adipic  acid,  succinic  acid  being  the  only  other  body  which  is 
formed  at  the  same  time.  For  this  preparation,  sebacic  acid  is 
boiled  with  nitric  acid  until  it  has  been  converted  into  a  mix- 
ture of  the  two  acids,  which  are  soluble  in  water.  The  nitric 
acid  is  then  evaporated  off  and  the  adipic  acid  crystallized  out 
from  water.  It  is  then  fused,  the  solidified  mass  powdered 
and  treated  with  ether  which  dissolves  the  acid,  whilst  a  little 
succinic  acid  remains  behind. 

Adipic  acid  was  prepared  synthetically  by  Wislicenus  by  treat- 
ing /3-iodopropionic  acid,  CHgl.CHg.COgH,  with  finely  divided 
silver.  This  sh  ows  that  it  is  the  normal  compound.^  It 
dissolves  in  about  18  parts  of  cold  water,  and  much  more  readily 
in  hot  water,  alcohol,  and  ether,  and  crystallizes  in  laminae  or 
flattened  needles,  melting  at  148° — 149° 

The  salts  of  adipic  acid  have  been  investigated  by  Arppe.     Of 


^  SlUim.  Journ.  xliii.  301  ;  Smith,  ib.  xlii.  252. 

2  Malaguti,  Ann.  Chim.  Phys.  [3],  xvi.  84. 

3  Gerliardt,  llev.  Sdent.yiux.  302. 

4  Jahresh.  1864,  377. 

^  Ann.  Chem.  Fharm.  cxlix.  22"'.. 
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these  ammonium  adipaie  is  the  most  characteristic,  depositing 
in  monoclinic  crystals  resembling  those  of  augite. 

MhylAdipatG.G^fiQiCO^.G^^^)^^  was  first  observed  by  Malaguti 
in  the  products  of  the  action  of  hydrochloric  acid  on  an  alcoholic 
solution  of  impure  adipic  acid.  It  is  described  as  an  oily  liquid 
having  a  strong  smell  of  apples.  According  to  Arppe  it  boils 
without  decomposition  at  245°. 

645  Substitution-products  of  Adipic  Acid.  Mono-  and  dibrom- 
adipic  acids  are  obtained  by  the  action  of  bromine.  The  first  when 
heated  with  alkalis  yields  adipomalic  acid,  Q^^{0'E){00^)^, 
forming  a  syrup  which  gradually  crystallizes.  Its  lead  salt  is  a 
precipitate  which,  like  the  corresponding  malate,  melts  under 
boUing  water.  The  dibromadipic  acid  yields,  on  heating  with 
water  to  150°,  adipotartaric  acid,  0^11^(011)2(00211)2,  a  body 
crystallizing  from  boiling  water  in  monoclinic  tables,  and  forming 
a  difficultly  soluble  acid  potassium  salt.^ 

The  following  acids  isomeric  with  adipic  acid  have  been 
obtained  from  ethyl  acetacetate  : 

M.P, 
O2H5.OH.OO2H 

2  Ethyl  succinic  acid,  |  Fine  prisms.         98° 

CH2.OO2H 

(CH3)20.00,H 

3  a-Dimethyl-succinic  acid,  |  Needles.  74° 

OH2.OO2H 

OH3.CH.CO2H 

*j8-Dimethyl-succinic  acid,  |  Orystals.     165-167° 

OH3.OH.OO2H 

CH3.OH.OO2H 

5  a-Methv]-dutaric  acid,        |  Orystals.  76° 

OH2.OH2.OO2H. 

y3- methyl -succinic  acid  is  also  formed  when  a-brompropionic 
acid  is  heated  with  finely  divided  silver.® 


1  Gal  and  Gay-Lussac,  QorrvpU  Rend.  Ixx.  1175. 
^  Huggenberg,  Ann.  Chem.  Pkarm.  cscii.  148. 
3  Tate,  Inaicgural  Dis.  "Wurzburg,  1880. 
*  Hardtmuth,  Ann.  Chem.  PIbarm.  cxcii.  143. 

5  Wislicenus  and  Limpricht,  ib.  cxcii.  134. 

6  "Wislicenus,  Ber.  Deutsek.  Chem,  Ges.  ii.  720, 
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The  following  acids  have  been  obtained  from  ethyl  malonate : 

M.P, 
^  Methyl-ethyl-raalonic  acid,  C.  Prisms.     118° 

dig    ^  /CO2H 

2  Isopropyl-malonic  acid,  /CH — CH  Prisms.      87° 

3  Propyl-malonic  acid,  CgH^.CH^^Q^H  j  rp^^^j^^      ^go 

DiTnethyl-dioxysitccinic  Acid,  or  Bimethyl-tartaric  Acid, 
CH3.C(0H).C0,H 

CH3.C(OH).C02H, 

is  formed  together  with  lactic  acid  by  the  action  of  zinc  on  an 
alcoholic  solution  of  pyroracemic  acid.  The  acid  obtained  from 
the  insoluble  zinc  salt  remains  as  a  syrup  on  evaporating  its 
solution.  The  characteristic  calcium  salt  is  a  crystalline  almost 
insoluble  precipitate.* 

1  Conrad  and  Bischoff,  Ann.  Chem.  Pharm.  cciv.  146. 

2  lb.  144.  ^  Loc  cit. 

*  Bbttinger,  Ann,  Chem.  Pharm.  clxxxviii.  315, 
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646  Normal  Heptylene,  C^H^^,  can  exist  in  three  isomeric  forms. 
Of  these  Limpricht  has  ohtdljiedL  'pentyl-ethylene,  CgHjj.CHIICHg, 
from  osnanthol  by  treating  it  with  phosphorus  pentachloride  and 
decomposing  with  sodium  the  oenanthidene  dichloride,  C^Hj^Clg, 
thus  obtained,  which  is  a  liquid  boiling  at  191°. 

Pentyl  ethylene  is  a  liquid  possessing  an  alliaceous  smell  and 
boiling  at  95°.  The  heptylene  obtained  from  Pinus  sdbiniana  is 
a  similar  liquid  boiling  at  98°.  On  oxidation  it  is  split  up  into 
acetic  and  pentoic  acids,  and  it  is  consequently  methyl-'butyl- 
ethylene,  CHg.CH  —  CH.C^Hg  (Schorlemmer  and  Thorpe). 

Isoheptylene,  (011^)20 ^'K^,  If  the  mixture  of  primary  and 
secondary  heptyl  chloride  obtained  by  the  action  of  chlorine  on 
isoheptane  be  boiled  with  pota.ssium  acetate  and  glacial  acetic 
acid,  an  heptylene  is  obtained  in  addition  to  the  corresponding 
acetates.  This  boils  at  91°,  and  combines  almost  entirely  with 
hydrochloric  acid  in  the  cold,^  and  is  probably  identical  with  the 
heptylene  obtained  from  methyl-amyl-carbinol  by  decomposing 
its  iodide  with  alcoholic  potash.^ 

Diethyl-metJiyl-ethylene,  C2H5.CHIIC(CH3)C2H^,  is  a  liquid 
boihng  between  90°  and  95°,  obtained  from  methyl-ethyl-propyl- 
carbinol,  whilst  methyl-ethyl-isopropyl-carbinol  yields  ethyl- 
trimethyl-ethylene  (0113)2.0  ZI  CvCH3)C2H5,  a  body  boiling  at 
between  75°  and  80°.^ 

Dimethyl-isopropyl-ethylene,  (0113)20. z:CH.CH(GH3)2,  was  ob- 
tained first  by  Markownikow  by  heating  oxyisocaproic  acid, 
{G^>j\{GOYL)QO.^,  with  water  and  a  little  sulphuric  acid  to 
180°.^  Pawlow  obtained  it  from  dimethyl-isobutyl-carbinol.^ 
It  boils  at  83°— 84°,  has  a  specific  gravity  at  0°  of  07144,  and 

^  Grimshaw,  Chem.  Soc.  Jmirn.  [2],  xi.  S09  ;  Schorlemmer,  ib.  323. 

^  Kohn,  cxc.  314. 

^  Pawlow,  Ber.  Deutsch.  Chem,  Ges.  ix.  1311. 

^  Zeitsch.  Chem.  1870,  518  ;  1871,  268. 

*  Ann.  Chem.  Pharm.  clxxvii.  194. 
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combines  readily  with  hydriodic  acid  to  form  the  iodide  of  the 
tertiary  alcohoL 

TrimcthylcaThyl-methyl'ethylenc,  (0113)03. C(CH3)  —CHg,  was, 
obtained  by  Butlerow  by  heating  pentamethyl-ethyl  iodide  with 
alcoholic  potash.  It  boils  at  75^' — 80°,  smells  like  camphor  and 
oil  of  turpentine,  and  combines  readily  again  with  hydriodic  acid 
to  form  the  tertiary  iodide.  When  left  in  contact  with  water  to 
which  a  small  quantity  of  alcohol  and  nitric  acid  has  been  added, 
it  forms  pentamethyl-ethol  (Part  I.,  p.  645).^ 


OXYACIDS  HAVING  THE  FORMULA  O^H.^Og. 

M.P. 

2  Oxyoenanthylic  acid,  0^11^^.011(011)00,11  Prisms.    %b° 

3  Amyl-hydroxalic  acid,  (CH3)203H5.0H(0H)002H  Scales.  60°-5 
*  Methyl- ethyl-oxybutyric  acid, 

/OH 
CH3.0H(OH)C— OO^H  Syrup.      - 
\O2H3 
^  Methyl-propyl-ethylene-lactic  acid, 

gJ^3\c(0H).CH,.C0,H     Syrup.       - 

^  Diethyl-ethylene-lactic  acid, 

{G^^,W'{OW)GYL^£O^U    Needles.    71-73° 


KETONIC  ACID,  Q.-R^fi^. 

/OH3 


B.P. 


^  Ethyl  methyl-ethyl-acetacetate,  CH3.OO.O-CO2.O2H5         198° 


^C^H, 


s  Ethyl  isopropyl-acetacetate,  OH300.0H<'^^'^^^^2  201° 

647  The  first  of  these  compounds  yields  a  violet  colour  with 
ferric  chloride,  and  on  heating  with  sodium  ethylate  free  from 
alcohol,  forms  together  with  ethyl  acetate  the  ethyl  salt  of 
methyl-ethyl-acetic  acid.  The  second  salt  yields  a  pale  reddish 
violet  colour  with  ferric  chloride.^ 

^  Butlerow,  Ber.  Veulsch.  Chcm.  Ges.  viii.  166. 

2  Helms,  lb.  viii.  1169  ;  Ley,  ib.  x.  231. 

^  Frankland  and  Duppa,  Froc.  Roy.  Soc.  xiv.  191. 

^  Saur,  Ann.  Ohem,  Fharvi.  clxxxviii.  257. 

^  Zemlianicin,  Ber.  Dcutsch.  Chem.  Ges.  xii.  2375.  ^  Schirokow,  ib. 

^  Saur,  loe.  cit.  ^  Frankland  and  Duppa,  Journ.  Chem.  Soc,  [2J,  v.  102. 

^  Demarcay,  Bull.  Soc,  Chim.  xxvii.  224. 
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DIBASIC   ACIDS,  C^H^P,. 

648  Pimclic  Acid,  Q^^q{QO^)^.  It  has  already  been  stated 
that  Laurent  believed  that  he  found  an  acid  of  this  composition 
amongst  the  oxidation  products  of  oleic  acid,  whilst  other 
chemists  obtained  the  same  acid  by  the  oxidation  of  other 
fatty  acids  or  fats,  and  also  that  Arppe  showed  that  the  substance 
thus  obtained  is  a  mixture  of  adipic  and  suberic  acids.  An  acid 
having  the  above  composition  is,  however,  obtained  by  fusing 
camphoric  acid,  CgH^^(C02H)2,  with  caustic  potash,  and  the 
name  of  pimelic  acid,  which  was  suggested  by  Laurent,  has  been 
retained  for  this  body.^  It  forms  crystalline  crusts  or  triclinic 
crystals  which  melt  at  114°,  and  are  very  soluble  in  water, 
alcohol,  and  ether.  The  calcium  salt  is  a  characteristic  one.  It 
is  difficultly  soluble  in  cold,  and  even  less  soluble  in  boiling  water, 
and  hence,  on  warming  the  cold  saturated  solution,  the  salt 
precipitates  as  a  crystalline  powder.  On  distillation,  the  acid 
decomposes  into  water  and  the  anhydride  C^H^QOg,  a  thick  oily 
liquid  which  boils  a,t  245°-250°.  Pimelic  acid  is  probably 
isopropylsucdnic  acid  (CH3)2.CH.CH(C02H).CH2.C02H.2 

a-Pimelic  Acid  is  formed  by  the  oxidation  of  suberone, 
C^H^gO;  with  nitric  acid  ^  as  well  as  by  heating  furonic  acid, 
CyHgOg,  with  h3ldriodic  acid  and  amorphous  phosphorus.*  It 
crystallizes  from  hot  water  in  large  thin  rhombic  tables,  and 
from  benzene  in  fine  long  needles,  which  melt  at  100°  and 
volatilize  without  decomposition.  Its  calcium  salt  is  also  less 
soluble  in  hot  than  in  cold  water,  and  separates  on  heating  the 
cold  saturated  solution  as  a  granular  crystalline  precipitate. 

Isopimelic  Acid  was  obtained  from  common  amylene,  which 
as  has  been  stated  is  a  mixture  -of  isomeric  oletines,  by  com- 
bining it  with  bromine  and  heating  the  product  with  potassium 
cyanide  and  alcohol.  It  is  easily  soluble  in  water,  alcohol,  and 
ether,  crystallizes  in  rhombic  needles  concentrically  grouped, 
and  melts  at  104°.  The  difficultly  soluble  calcium  salt  is  also 
characteristic,  as  its  solubility  increases  to  begin  with,  on  rise 
of  temperature,  and  then  gradually  diminishes.^ 

^  Hlasiwetz    and   Grabowsky,   Ann.  Chem.  PJmrm.   cxlv.   207  ;  Kachler,    ib. 
clxix.  168. 
^  "Waltz,  Ann.  Chem.  PJiarm.  ccxiv.  58. 
^  Dale  and  Schorl emmer,  Chem.  Soe.  Trans.  1879,  66D. 
*  Baeyer,  Ber.  Deutsch.  Chem.  Ges.  x.  1358. 
•*  Bauer  and  Scliuler,   Wicn.  Akad.  Ber.  Ixxvii,  239. 
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Diethyl-malooiic  Acid,  (C2H5)2C(C02H)2.  The  etliyi  salt  of 
this  acid  is  formed  when  one  molecule  of  ethyl  malonate  is  treated 
with  an  alcoholic  solution  of  two  molecules  of  sodium  malonate 
and  two  molecules  of  ethyl  iodide.  It  is  an  oily  liquid  having  a 
faint  but  pleasant  smell,  and  boiling  at  223°,  The  acid  obtained 
from  this  is  easily  soluble  in  water,  alcohol,  and  ether,  and  crystal- 
lizes in  prisms  which  melt  at  121^  When  it  is  neutralized  with 
ammonia  and  calcium  chloride  added,  a  crystalline  precipitate  is 
formed  only  when  the  solution  is  very  concentrated,  the  separa- 
tion of  which  is  accelerated  by  warmth.^ 

Isobutyl-malonic  AGid,{Q'E.^.-f)^^.G]i.{0O^B^^.  By  the  action 
of  isobutyl  iodide  on  ethyl  sod-malonate,  ethyl  isobutyl- 
malonate  is  obtained.  This  liquid  boils  at  225°.  The  acid 
prepared  from  this  is  crystalline,  easily  soluble  in  water,  alcohol, 
and  ether,  and  melts  at  107°.  The  solution  neutralized  with 
ammonia  yields  a  crystalline  precipitate  with  calcium  chloride. 

By  the  action  of  chlorine  on  the  ethyl  salt  a  monochlorinated 
ethereal  salt,  (CH3)2C2pl3.CCl(C02.C2H5)2,  is  obtained,  boiling  be- 
tween 245°  and  2-i7°.  When  treated  with  alcoholic  caustic  potash 
isobidyhxyinalonic  acid,  or  isohutyl-tartronic  acid,  (CHg)2C2H3. 
C(OH)(C02H)2,  is  obtained,  a  crystalline  body  which  is 
highly  hygroscopic  and  deliquescent,  and  melts  at  110° — 114°. 
When  heated  to  180°  it  decomposes  iuto  carbon  dioxide  and 
oxyisocaproic  acid.^ 

Isopropylsuccinic  acid,  C02H.CH[(CH3)2CH]CH2.C02H,  is 
prepared  by  the  acetacetic  reaction ;  it  is  readily  soluble  in 
water,  crystallizes  well,  and  melts  at  114°.^ 

^  Conrad,  Ann.  Chein.  Pharm.  cciv.  138. 
^  Guthzeit,  Ann.  OJiem.  Pharm.  ccix.  232. 
'  Eoser,  Ber.  Deutsch.  Chem.  Ges.  xv.  295. 
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649  Normal  Ocfyhne  or  GapTylene,0^-^^y  is  formed  by  the  dis- 
tillation of  secondary  octyl  alcohol  with  anhydrous  zinc  chloride. 
It  is  a  colourless  rather  strongly-smelling  liquid,  boiling  at 
125°,  and  having  at  17°  a  specific  gravity  of  0"723.^  Moslinger 
obtained  an  octylene  boiling  at  122°-123°,  and  having  a  specific 
gravity  at  17°  of  0*7127  by  heating  primary  octyl  alcohol  with 
iodine  and  amorphous  phosphorus.^  This  evidently  is  liexyl- 
ethylene,  CgHj^g-CH  ~  CHg.  and  is  probably  identical  with  that 
obtained  from  secondary  octyl  alcohol  or  its  iodide,  which,  how- 
ever, may  also  be  methyl-pentyl-ethylene,  CsHj^.CH  H  CH.CH3. 
Odylene  Glycol,  C8H^g(OH)2,  is  obtained  from  octylene 
bromide,  a  heavy  liquid,  decomposing  on  distillation,  and 
being  converted  by  the  action  of  silver  acetate  and  glacial  acetic 
acid  into  octylene  diacetatej  a  liquid  boiling  at  2-^5° — 250°.  By 
heating  with  caustic  potash  the  glycol  is  obtained  as  an  oily 
liquid  having  a  burning  taste,  boihng  at  235° — 240°,  and  having 
at  0°  a  specific  gravity  of  0*932.3 

When  this  compound  is  treated  with  hydrochloric  acid,  or  when 
octylene  is  brought  in  contact  with  dilute  hypochlorous  acid, 
octylene  chlorhydrate,  CgH^eC^OH),  is  formed.  This  is  a  mobile 
liquid  having  a  camphor-like  smell  and  a  burning  taste.  It  is 
not  volatile  without  decomposition,  is  insoluble  in  water,  and 
at  0°  has  a  specific  gravity  of  1'003. 

Octylene  Oxide,  CgH^gO,  is  obtained  by  the  action  of  caustic 
potash  on  the  chlorhydrin.  It  is  a  mobile  liquid  having  a 
pleasant  aromatic  smell,  boiling  at  145°  and  having  at  15°  a 
specific  gravity  of  0'831.^ 

Octylene  Chloride,  CgH^gClg,  is  an  oily  liquid,  boiling  at 
197°— 200°.^ 

'  Bonis,  ih.  xcii.  396.  ^  Ann.  Chem.  Pharm.  clxxxv.  52. 

^  de  Clermont,  Ann.  Chem.  Pharm.  Suppl.  iii.  254. 

*  de  Clermont,  Ann.  Chem.  Pharm.  clvi.  122,  ^  Dachauer,  ih.  cvi.  271. 
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NitTO-octylcnc,  CgH^5N02,  is  formed  together  with  dinitro- 
octylene  by  the  action  of  nitric  acid  on  octylene.  It  is  a  yellow 
oily  liquid,  lighter  than  water,  and  when  heated  to  the  boiling 
point  it  has  an  unpleasant, powerful,  pungent  smell.  It  is  coloured 
red  by  caustic  potash,  and  dissolves  in  the  concentrated  ley. 

Dinitro- octylene,  0311^^(^02)2,  is  obtained  by  the  action  of  a 
mixture  of  sulphuric  and  nitric  acids  on  the  foregoing  com- 
pound. It  is  a  heavy  oily  liquid  dissolving  slightly  in  water, 
imparting  to  it  a  yellow  colour  and  a  very  powerful  pungent 
smell.  When  heated  the  boiling-point  rises  from  100°  to  200°, 
and  if  the  lamp  be  then  removed  the  temperature  rises  to  212°, 
with  evolution  of  red  vapours,  whilst  pure  nitro-octylene  distils 
over,  a  black  residue  soluble  in  potash  remaining  in  the  retort.^ 
Hydriodic  acid  decomposes  it  below  100°,  with  formation  of 
octylene  and  ammonia,  and  of  a  heavy  oil  which  is  probably 
octyl  iodide.^ 

Di-isohutylene  or  Dimeihyl-2^seitdohutyl-ethylene,  (CH3)2C~CH. 
0(0113)3.  In  order  to  prepare  this  compound  one  volume  of 
liquid  isobu-tylene  is  brought  in  contact  with  two  volumes  of  a 
mixture  of  equal  weights  of  water  and  sulphuric  acid  in  closed 
tubes.  After  standing  one  or  two  days  the  olefine  is  dissolved, 
and  the  mixture  is  then  heated  for  another  day  to  100°.  The 
following  equation  represents  the  formation  of  this  compound  : 

nu'^G  =  OH,  +  HO.C-OH3  =  fi§3\  c-  OH.C-Ch!  +  H.p. 
CH3/  -  X^jjJ     CH3/  ^QjjJ 

It  is,  therefore,  also  formed  when  one  part  of  trimethyl-carbinol 
and  two  volumes  of  the  dilute  acid  are  heated  to  100°,^  as  well  as 
when  isobutylene  is  heated  with  tertiary  butyl  iodide  and  lime.* 
Di-isobutylene  is  a  liquid  which  smells  like  petroleum,  boils 
at  102°'5,  and  at  0°  has  a  specific  gravity  of  ■  0734.  It  easily 
combines  with  hydrochloric  and  hydriodic  acids  with  formation 
of  the  haloid  ethereal  salts  of  isodibutol  (Part  I.,  p.  655).  It  is 
oxidized  by  chromic  acid  solution  in  the  cold,  with  formation 
of  acetone  and  trimetliyl-acetic  acid,  acetic  acid  being  produced 
at  the  same  time,  as  well  as  the  ketone  (OH3)30.0H2.00.0H3, 
and   an   octoic   acid,  OgH^gOg.      The   formation  of  this   latter 

^  Bonis,  Ann.  Chim.  Phys.  [3].  sliv.  118. 

2  Mills,  Jahresh.  1864,  517. 

'■^  B'ltlerow,  Ann.  Chem,.  Pharm..  clxxxix.  44. 

"*  Julie  Lermontotf,  Ann.  Chem.  Pharm.  cxcvi.  116. 
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compound  is  explained  by  Butlerow  by  the  assumption  that 
during  the  oxidation  a  part  of  the  di-isobutylene  combines  with 
water  to  form  di-isobutol,  and  that  this  again  decomposes  into 
water  and  an  octylene  having  the  following  constitution  : 

(CH3)3C.CH,C(gg3 

When  this  re-combines  with  water  a  primary  alcohol  is  formed, 
and  this  by  oxidation  yields  the  octoic  acid,  which  is  an  oily 
liquid  similar  to  trimethyl-acetic  acid,  though  possessing  a  less 
powerful  smell  and  decomposing  somewhat  on  distillation. 

When  on  the  other  hand,  di-isobutylene  is  oxidized  with 
potassium  permanganate,  it  yields,  together  with  trimethyl- 
acetic  acid,  the  oxyoctoic  acid  shortly  to  be  described,  and  also 
oxyodenol,  CgH^f^O^.  This  crystallizes  in  needles,  melts  at  49°. 5> 
boils  at  178° — 178°.5,  and  has  a  camphor-Hke  smell.  It  contains 
an  hydroxyl  group  and  has  the  constitution  (CH3)3C.CO. 
C(OH)(CH3)2.i 

m-isopropz/l-ethylene,  (CH3)2CH.CH=CH.CH(CH3)2.  When 
the  mixture  of  primary  and  secondary  chlorides,  got  by  acting 
upon  di-isobutyl  with  chlorine,  is  heated  with  potassium  acetate 
and  acetic  acid,  an  octylene  which  probably  possesses  the  above 
constitution  is  obtained,  together  with  the  corresponding  acetates 
(Part  I,  p.  654).  This  boils  at  122°,  and  at  16°  has  a  specific 
gravity  of  0'7526.^ 

Methyl-ethyl-pinacone     or     Diethyl-dimethyl-ethylene      Glycol, 

(^g3^C(0H).C(0H)<(^^\  is  formed,  together  with   methyl- 

ethyl-caibinol,  when  methyl-ethyl  ketone  is  brought  in  contact 
with  a  concentrated  solution  of  carbonate  of  potash,  and  sodium 
gradually  added.  It  is  a  white  crystalline  mass  which  melts  at 
28°  and  boils  at  200°— 205°.  When  boiled  with  dilute  sulphuric 
acid  it  is  converted  into  the  corresponding  pinacoline  (Part  I., 
p.  663),  and  this  on  oxidation  decomposes  into  acetic  acid  and 
ethyl-dimethyl-acetic  acid.  Hence  it  possesses  the  following 
constitution :  \ 


/CHg 

CA.CO.C-CA. 

\CH3 

It  is  a  liquid  possessing       strong  camphor-like  smell,  and 
boiling  at  145°— 150°.^ 

1  Butlerow,  Ber.  Beutsch.  Chem.  Ges.  xv.  1575. 

2  W.  Carleton-Willianis,  Journ.  Chem.  Soc.  1877,  i.  541. 

3  Lawrinowitsch,  Ann.  Chem.  Pharm.  clxxxv.  124. 
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OXYACIDS,  C^H.A- 

M.P. 
^  Oxycaproie  acid,  C6H^3.CH(OH).C02H  Tables.         69°-5 

Oxyoctoicacid  (CH3)3C.CH,.C(OH)CH3.C02H.  Prisms.  117° 

2  Dipropyl-oxaUc  acid,  (C3H7)2C(OH).C02H      Prisms.      80°-81° 
^  Di-isopropyl-oxalic  acid, 

[{CR^)^G1I],.G{01I).C0^K      Needles.llO°-lir 
*  Diethyl-oxybutyric  acid, 

CH3.CH(OH).C(G2H5)2.C02H  Syrup.  — 


KETONIC  ACIDS,  C8Hi,03. 

B.P. 

5  Ethyl  diethyl-acetacetate,  CH3.CO.C(C2H5)2.C02C2H5         218° 
®  Ethyl  isobutyl-acetacetate, 

CH3.GO.CH<(^^2^^2'^*^^3)2     217°-218' 


DIBASIC   ACIDS,   CsHi.O,. 

650  Suberic  Acid,  GqH^^^CO^IL)^.  This  acid  was  first  obtained 
by  Brugnatelli,  in  1787,  by  heating  cork  with  nitric  acid.  Accord- 
ing to  the  then  prevailing  views,  he  considered  that  this  acid 
exists  already  formed  in  cork,  which  he  believed  to  consist  of  this 
peculiar  acid  combined  with  phlogiston  and  a  small  quantity  of 
earth,  these  being  withdrawn  from  the  cork  by  means  of  the  nitric 
acid.^  Brugnatelli  also  found  that  paper,  when  treated  with 
nitric  acid,  yields  suberic  acid.^  It  may  also  be  thus  obtained 
from  linen  rags  or  from  lignine.^ 

The  existence  of  this  acid  was  again  verified,  in  1797,  by 
Bouillon-Lagrange,  who  found  that  it  could  be  sublimed.^**   Many 

^  Erlenmeyer  and  Sigel,  ib,  clxxvii.  103  ;  Ley,  Ber.  Deutsck.  Chem.  Ges.  xi. 
232. 

-  Eafalsky,  Ber.  Deutsch.  Chem.  Gcs.  xiv,  2068. 

3  Markownikow,  Zeitsch.  Chem.  1870,  516  ;  1871,  268, 

*  Schnapp,  Ann.  Chem.  Pharm.  cci.  65. 

^  Franklaud  and  Duppa,  Proc.  Roy.  Soc.  xiv.  458  ;  "Wislicenus,  Ann.  Chem. 
Pharm.  clxxxvi.  191 ;  Matthey,  Jouryi,  Prakt.  Chem.  [2],  vi  160. 

^  Rohn,  Ann.  Chem.  Pharm,  cxc.  306. 

7  CrelVs  Ann.  1787,  145.  8  Gehlen,  Ann.  i.  340. 

9  Berzelius,  Lehrh.  iii.  Aufl.  8,  47.  '^^  Ann.  Chim.   xxiii.  42. 
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other  chemists  occupied  themselves  with  the  examination  of  this 
acid ;  ^  amongst  others,  Laurent  found  that  it  can  be  obtained  by 
oxidizing  oleic  acid  with  nitric  acid.  It  is  also  produced  by  the 
action  of  nitric  acid  on  stearic  acid,^  castor  oil;*  linseed  oil,* 
and  other  fats. 

Suberic  acid  was  first  prepared  in  the  pure  state  by  Arppe, 
who  showed  that  the  compound  described  under  this  name 
always  contained  azelaic  acid,  and  that  this  cannot  be  removed 
by  crystallization  from  water  but  easily  by  treatment  with 
ether.^  It  is  to  be  remarked,  however,  that  Laurent  used  ether 
for  the  separation  of  the  two  acids,  and  he  states  that  much  of 
the  suberic  acid  dissolves  ;  but,  as  he  probably  did  not  repeat  the 
operation,  he  did  not  obtain  a  pure  suberic  acid.  Spiegel  then 
showed  that  on  oxidizing  cork,  oxalic  acid  and  other  acids  are 
formed  as  well  as  azelaic  acid.^ 

In  order  to  prepare  suberic  acid,  palm  oil  ^  or  castor  oil  may 
be  employed.  In  the  latter  case  the  oil  is  allowed  to  run  into 
boiling  nitric  acid  of  specific  gravity  1*25  until  no  further  red 
vapours  are  evolved  ;^  the  mass  is  then  distilled  with  frequent 
addition  of  water  in  order  to  remove  the  oenanthylic  acid,  and 
the  hot  liquid  then  separated  from  the  nitrated  oil  which  occurs 
with  it.  On  cooling,  a  mixture  of  suberic  and  azelaic  acids 
separates  out,  and  this  is  recrystallized  frequently  from  hot 
water  and  then  treated  in  a  Mohr's  extraction  apparatus  with 
ether  until  the  residue  crystallizes  well  from  water.  From  100 
parts  of  castor  oil,  4  parts  of  suberic  acid  and  3'3  parts  of  azelaic 
acid  are  obtained.^ 

When  fats  are  distilled  with  superheated  steam,  paraffins  and 
fatty  acids  are  formed,  and,  together  with  these,  suberic  acid  and 
its  homologue  azelaic  acid,  CgHj^gO^.-^^ 

Suberic  acid  dissolves  at  15"-5  in  700  parts  of  water,  and  is 
much  more  easily  soluble  in  boiling  water,  crystallizing,  on 
coohng,  in  needles  often  an  inch  long  or  in  irregular  tables  which 
melt  at  140°.     In  presence  of  azelaic  acid  it  separates  in  grains 


^  H.  Brandrs,  Ann.  Pharm.  ix,  295  ;  Chevreul,  Ann.   Chim.  Ixii.   323 ;  xcvi. 
182  ;  Berzelius,  loc.  cit. 
^  Bromeis,  Ann.  Ckem.  Pharm.  xxxv.  89. 
^  Tilly,  Chxm.  Soc.  Mem.  L  1. 
^  Sacc,  Ann.  Chew.  Pharm.  li.  222. 
^  Ih.  cxx.  288  ;  cxxiv.  89. 
*  Annfi.  Chcm.  Pharm.  cxcix.  144. 

^  Gantterand  Hell,  Bcr,  Dcutsch,  Chsm.  Ges.  xiii.  1166. 
^  Grote,  Ann,  Chcm.  Pharm.  cxxx.  208  ;  Spiegel,  loc.  cd. 
^  Dale,  Journ.  CJiem.  Soc.  [2],  ii.  258. 
^**  Cahours  and  Demar^ay,  Compt.  Rend.  xciv.  610. 
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or  warty  concretions  "which,  according  to  the  quantity  of  ad- 
mixture, melt  at  120° — 130°.  When  more  strongly  heated  it 
evolves  pungent  vapours  and  sublimes  in  needles.  It  boils  at 
about  300°  without  decomposition.  Heated  with  caustic  baryta 
it  decomposes  partly  into  normal  hexane  and  carbon  dioxide 
whilst  another  part  suffers  further  decomposition.-^ 

The  salts  of  suberic  acid  have  been  investigated  by  Arppe, 
but  especially  by  Gantter  and  Hell.  The  difficultly  soluble 
suberates  of  calcium,  barium,  and  several  other  metals  are  some- 
what more  soluble  in  cold  than  in  hot  water. 

Ethyl  Suhcratey  ^^-^^S^O^.Q^^^,  is  obtained  by  heating 
suberic  acid  with  alcohol  and  sulphuric  acid.  It  is  a  pleasantly 
smelling  liquid.. which  boils  at  280° — 282°  with  slight  decom- 
position (Gantter  and  Hell). 

Suheraldehyde,  CgH^^Og,  is  formed  together  with  suberic  acid 
and  palmitic  acid,  CjQHggO^,  when  palmitoleic  acid,  Cj^QHggOg,  is 
oxidized  with  fuming  nitric  acid.  It  is  a  bright  yellow  oily  liquid 
boiling  at  202°,  and  is  converted  by  bromine  and  water  into 
suberic  acid.^ 

Oxysuberic  Acids.  When  suberic  acid  is  heated  with  a  mole- 
cule of  bromine,  monobromsuberic  acid  is  formed,  and  this  when 
treated  with  caustic  potash  yields  an  amorphous  suheromaleic 
acid,  CgH^^(OH)(C02H)3,  the  salts  of  which  crystalKze  badly. 
If  the  double  quantity  of  bromme  be  employed,  dibromsuberic 
acid  is  obtained,  and  this  yields  with  caustic  potash  suberotartaric 
acid,  CgH^(j(OH)2(C02H)2,  which  is  also  an  amorphous  substance.^ 

651  Suherone,  CjH^fi,  By  distiUing  suberic  acid  with  lime 
Boussingault  obtained  a  liquid  boiling  at  186°,  whose  analysis 
gave  the  formula  CgH-^^0,  and  its  vapour  a  density  of  4'392. 
He  called  this  substance  suberyl  hydride  as  it  yields  suberic 
acid  on  oxidation.*  Tilley  repeated  these  experiments,  and  found 
that  the  crude  product  when  distilled  yielded  a  volatile  liquid 
which  he  considered  to  be  benzene,  whilst  at  176°  Eoussingault's 
compound  came  over,  leaving  behind  a  black  tarry  mass.  On 
oxidation  he  obtained  together  with  suberic  acid  a  considerable 
quantity  of  another  acid  crystallizing  in  needles,  from  which  he 
concluded  that  the  so-called  suberyl  hydride,  to  which  he  gave 
the  same  formula,  is  not  the  radical  of  suberic  acid,^ 

^  Biche,  Ami.  Chcm,  Fharm.  cxiii.  105  ;  Dale,  loc.  cit. 
^  Schroder,  Ann  Chem.  Fharvi.  cxliii.  34. 
^  Gay-Lussac  and  Gal,  ib.  civ.  251. 
*  Ann.  Chem.  PharTn.  xix.  305. 
**  Chem,  Soc.  Mem,  i.  1. 
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Gerhardt  then  remarked  that  the  formula  CgH^^O  of  suberone 
a^  he  called  it,  does  not  show  how  it  is  related  to  suberic  acid, 
whilst  the  probable  formula  C^Hj^O  does  not  explain  the  re- 
formation of  suberic  acid.^  Kekule  then  assumed  that  suberone 
has  the  formula  C^^Hg^Og,  and  is  the  ketone  of  suberic  acid, 
standing  to  it  in  the  same  relation  as  common  acetone  does  to 
acetic  acid.^  The  formation  of  two  acids  is  favourable  to  this 
view,  but  on  the  other  hand  the  vapour  density  obtained  by 
Boussingault  does  not  correspond  to  this.  The  correct  fonnula 
was  determined  by  Dale  and  Schorlemmer,  who  showed  that  on 
oxidation  no  suberic  acid,  but  a-pimelic  acid  is  formed,  and  that 
the  volatile  body  observed  by  Tilley  is  hexane,  whilst  at  -the 
same  time  other  higher  boiling  products  than  suberone  are 
obtained.^ 

Suberone  is  a  liquid  possessing  a  peppermint-like  smell, 
boiling  at  179° — 181°,  and  having  a  vapour-density  of  3'73> 
It  combines  with  nascent  hydrocyanic  acid  forming  the  cyan- 
hydrine  or  nitril  C7H^2(OB[)*^^'  ^  colourless  liquid  which  is 
decomposed  by  concentrated  hydrochloric  acid,  with  separation  of 
sal-ammoniac,  into  oxysuberancarhoxylic  acid,  G^^y,{01^.C0^. 
This  crystallizes  from  water  in  glistening  small  tables  an  inch 
in  length  which  contain  half  a  molecule  of  water  of  crystalliza- 
tion, which  they  lose  at  60°.  It  crystallizes  from  hot  benzene  in 
anhydrous  glistening  needles  melting  at  79° — 80°  It  possesses 
at  first  a  sweet  and  then  an  astringent  taste  like  alum.  When 
heated  with  hydrochloric  acid  it  is  first  converted  into  chlor- 
suherancarhoxylic  acid,  CyH^^gCl-COgH,  a  thick  liquid  attacking 
the  skin,  and  being  converted  by  alcoholic  potash  into  suheran- 
carboxylic  acid,  C^^S.-^yCO^.  a  body  slightly  soluble  in  water, 
and  crystallizing  from  dilute  alcohol  in  glistening  scales  melting 
at  53° — 54°.  By  the  action  of  sodium  and  water  it  is  converted 
into  suherancarhoxylic  acid,  G^Hj^^.GOJl,  a  liquid  having  a  fatty 
acid  odour,  and  volatilizing  in  a  current  of  steam.  When  oxidized 
with  nitric  acid,  a  crystalline  dibasic  acid  is    obtained  having 


either  the  formula  CgH^gO^,  or  that  of  CgH^^O^.  The  more  com- 
plete investigation  of  this  will  probably  explain  the  constitution 
of  suberone.^  There  is,  however,  no  doubt  that  suberone  is  a 
pecuhar  ketone  in  which  the  carbo^yl  is  not  placed  between 
two  monad  alcohol  radicals,  but  is  combined  to  a  diad  hexylene. 

1  Traiti  Chem.  Org.  ii.  732.  ^  Zehrb.  ii.  41. 

3  Chem.  Soc.  Journ.  [2],  xii.  935. 

'*  Dale  and  Schorlemmer,  ih.  1879,  i.  686. 

^  Spiegel,  Ann.  Chem,  Pharm.  ccxi.  117 
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It  is  a  singular  fact  that  azelaic  acid  and  sebacic  acid,  the  two 
next  highest  homologues  to  suberic  acid,  do  not  yield  any 
homologues  of  suberone  on  heating  with  lime,  but  give  a  very 
comphcated  mixture  of  different  compounds.^  Succinic  acid 
behaves  in  a  similar  way.  The  calcium  salt  of  this  body  when 
submitted  to  dry  distillation  was  formerly  thought  to  yield  a 
succinone  boiling  at  120°,^  but  recent  investigations  have,  how- 
ever, shown  that  this  is  a  mixture.^ 

Isosuheric  Acid.  When  ethyl  monobrombutyrate  is  heated 
with  finely  divided  silver  a  singularly  smelling  liquid  boiling  at 
245° — 247°,  is  formed  together  with  other  compounds.  This 
body  has  the  composition  of  ethyl  suberate.  It  is  a  mixture 
of  the  ethereal  salts  of  two  suberic  acids,  of  which  one  is 
difficultly  soluble  in  water  and  crystallizes  in  feathery  grouped 
needles,  melting  at  184 — 185°,  whilst  the  more  easily  soluble 
acid  forms  large  crystals  which  melt  at  127°.^ 

Two  isomeric  acids  are  obtained  in  the  same  way  from  ethyl 
bromisobutyrate,  of  which  the  readily  soluble  one  crystallizes 
similarly  to  succinic  acid  and  melts  at  95°,  whilst  the  difficultly 
soluble  one  does  not  melt  till  146°'5.^ 

^  Pale  and  Schorlemmer,  Joum.  CJicm.  Soc.  1879,  i.  687. 

2  D'Arcet,  Ann    Cliim.  Phys.  [3],  ix.  206. 

^  Funaro,  Bcr.  Deutsch.  Chcni.  Qes.  xiv.  2240. 

^  Hell  and  Mlihlhauser,  ih.  xiii.  479. 

*  Hell  and  Witteldnd,  ib.  vii.  319  ;  Hell,  ib,  x,  2229. 
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ATOMS   OF   CARBON. 

652  Of  these  series  only  a  few  members  are  as  yet  known 
and  of  these  only  those  which  have  been  more  exactly  described 
will  be  here  mentioned, 

Diamylene,  C-^qH^q,  was  first  obtained  by  Cahours  by  the  re- 
peated distillation  of  amyl  alcohol  over  phosphorus  pentoxide, 
and  described  as  amylene}  Balard  then  obtained  it,  together  with 
common  amylene,  by  heating  amyl  alcohol  with  zinc  chloride, 
and  termed  it  paramykne.^  Bauer  found  that  it  is  also  easily 
formed,  together  with  higher  polymerides,  when  amylene  obtained 
from  fusel  oil  is  heated  with  zinc  chloride  to  100°.^  According 
to  Cahours  and  Balard  this  body  boils  at  160°,  and  according  to 
Bauer  at  165°,  but  as  common  amyl  alcohol  and  the  amylene 
obtained  from  this  are  mixtures,  and  as  the  reaction  produced 
by  zinc  chloride  is  a  very  complicated  one,  the  diamylene 
obtained  in  this  way  is  also  doubtless  a  mixture.  On  the  other 
hand  the  diamylene  obtained  by  the  action  of  sulphuric  acid  on 
trimethyl  ethylene  is  probably  a  simple  product.  This  boils  at 
154°— 156°,  and  has  a  specific  gravity  at  0°  of  07845.4  The 
diamylene  obtained  by  the  action  of  sulphuric  acid  on  common 
amylene  ^  or  on  the  mixtures  of  amylenes  produced  by  heating 
amyl  iodide  with  alcoholic  potash,  is  probably  identical  with  this.^ 
In  order  to  prepare  it  one  volume  of  common  amylene  is  shaken 
up  at  0°  with  two  volumes  of  sulphuric  acid  of  specific  gravity 
1-64.7 

A  peculiar  weak  oily  acid  having  the  composition  C^H^^Og 

^  Ann.  Chim.  Phys.  Ixx.  81.  2  /j  j-g-]^  ^jj^  322. 

3  Jahresb.  1861,  660. 

^  Wyschnegradsky,  Ber.  Deutsck.  Ckem.  Ges,  viii.  434. 

^  Bauer,  Sitzungb.  Wien.  Akad.  xliv.  [2],  87  ;  Berthelot,  Conipt.  Rend,  Ivi. 
1242. 

*  Lebedew,  Ber,  Deutsch,  Chem.  Ges.  viii,  767  ;  Journ.  Muss,  Chon.  Ges.  vii. 
246. 

^  Erlenmeyer,  Zeitsch.  Chem.  1865,  362 ;  Schneider,  Ann.  Chem.  Pharm. 
clvii.  207. 
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is  obtained,  together  with  acetic  acid  and  acetone,  by  oxidizing 
diamylene  with  chromic  acid  solution.  To  this  body  Schneider 
gave  the  name  of  amethenic  acid.  A  neutral  oil  is  also  formed 
which  has  the  composition  CioHgoO,  when  amylene  dibromide  is 
heated  with  water  and  lead  oxide/  and  this  by  further  oxidation 
is  decomposed  into  carbon  dioxide,  acetic  acid,  and  amethenic 
acid. 

As  the  formation  of  diamjdene  from  amylene  corresponds  to 
that  of  di-isobutylene  from  butylene,  it  probably  possesses, 
according  to  Butlerow,  the  following  constitution : 


CH. 


AGE,), 
CXCHg-CH, 


-3\p    P 

CH3/'"  —  *"\CH3. 

Hendccatylene,  Q^fi^^,  is  obtained  from  secondary  hendecatyl 
bromide,  and  therefore  is  probably  methyl-octyl-ethylene.  It  is 
a  liquid  boiling  at  192°— 193°.2 

653  Tri-isohutylene,  0^2-^24'  ^^  obtained  when  isobutylene  is 
passed  into  a  cold  mixture  of  five  parts  of  sulphuric  acid  and  one 
part  of  water,^  or  when  di-isobutylene  or  isobutylene  is  heated  with 
tertiary  butyl  iodide  and  lime  to  100°.*  According  to  Dobbin  it 
is  also  formed,  together  with  traces  of  isobutylene  but  no  di- 
isobutylene,  when  the  tertiary  iodide  is  brought  in  contact  with 
zinc  oxide  at  the  ordinary  temperature.^  It  is  a  colourless 
liquid  which  boils  at  177°'5 — 178°'5,  and  at  0°  has  a  specific 
gravity  of  0'774.  When  oxidized  with  chromic  acid  solution 
it  yields  carbon  dioxide,  acetone,  acetic  acid,  trimethyl-acetic 
acid,  and  methyl-dibutyl-acetic  acid,  C^^HggOg,  a  body  crystal- 
lizing from  alcohol  in  glistening  scales,  melting  at  60° — 70°, 
boiling  at  266°,  and  possessing  but  faintly  acid  properties. 

Tri-isobutylene  has  most  probably  the  following,  constitution  : 

CH3/^  -  ^\C(CH3)3. 

Di-hexylene,  G^^^^,  is  obtained  by  the  action  of  sulphuric  acid 
■on  a-ethyl-dimethyl-ethylene,  and  boils  at  196°— 199°.  The 
isomeric  yS-ethyl-dimethyl-ethylene  yields  a  di-hexylene  boihng 
at  193°— 197°.^ 

^  Eltekow,  Journ.  Euss,  Chem.  Ges.  x.  229. 

2  Giesecke,  Zeitsch,  Chem,  1870,  431.  ^  Eutlerow,  JaJiresh,  1879,  364. 

^  Julie  Lermontow,  Ami.  Chem.  Pharm.  cxcvi.  116. 

^  Joicrn,  Chem.  Soc.  1880,  I.  236.  ^  Jawein,  Licbig's  Ann.  cxcv.  261. 
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,  In  addition  to  these ,  defines,  others  may  here  be  mentioned 
which  are  obtained  by  the  distillation  of  sohd  paraffin  (Part  I., 
p.  137),  and  by  the  dry  distillation  of  the  lime-soaps  of  train-oil  ^ 
or  occur  in  Burmah  petroleum  .^ 


From  Paraffin. 

Lime  Soap, 

Petroleum. 

B.P. 

B.P. 

B.P. 

Nonylene,  CgH^g 

145°-148° 

153° 

— 

Decatylene,  G-^qH.^o 

170°-172" 

l74°-6 

175°-8 

Hendecatylene,  C^Hga 

,       193°-195° 

195°'4 

195°-9 

Dodecatylene,  0^2^24 

— 

212°-6 

208°-3-214°-6 

Tridecatylene,  CigHgg 

— 

— 

232°-7 

Triamylene,  G-^^'S^q,  is  formed  by  the  action  of  zinc  chloride 
on  amyl  alcohol.  It  is  a  liquid  smelling  like  turpentine,  and 
boiling  at  245"— 248". 

In  addition  to  this  olefine,  tetra-amylene,  G^qH-^q,  is  also 
formed,  boihng  between  390°  and  400°.  This  body  was  noticed 
by  Balard  and  termed  by  him  metamylene.^ 

654  Cetylene  or  Cetene,  G-^qH.^2>  ^^^  obtained  by  Dumas  and 
Pehgotby  heating  cetyl  alcohol  with  phosphorus  pentoxide.  It  is 
also  formed  by  boiling  cetyl  chloride  for  some  time,*  and  is  found 
amongst  the  products  of  the  dry  distillation  of  spermaceti.^  It 
is  a  liquid  boiling  at  274°,  and  having  a  specific  gravity  at  IS''  of 
0-7893°.®  It  combines  easily  with  bromine  to  form  cetylene 
dihrnmide,  G^qE^^Bv^,  a  heavy  yellow  liquid  which  decomposes 
on  heating.  It  also  unites  with  hypochlorous  acid  to  form  cetylene 
cJilorhydrin,  G^cJI^^Gl{OB.),  an  oily  liquid  boiling  at  about  300° 
and  being  converted  by  caustic  potash  into  cetylene  oxide,  C^gHgaO, 
a  body  crystallizing  in  small  needles  melting  at  30°  and  boiling 
at  about  300°.^ 

It  has  already  been  mentioned  that  the  so-called  oil  of  wine 
{olctcm  vitrioli  duke)  is  a  mixture  of  ethyl  sulphate  with 
several  defines  (Part  I.,  p.  354).  When  shaken  up  with  water  the 
sulphate  is  dissolved,  and  an  oily  liquid  remains,  which  on  cool- 
ing deposits  prisms  of  etherol,  a  body  melting  at  110°,  and  boil- 
ing at  260°.  The  liquid  separated  from  this  is  termed  etherin, 
and  this  does  not  solidify  above  —35°  and  boils  at  280°.^  These 
two  defines  are  probably  isomeric  with  cetylene,  as  is  also  that 

'  Storer  and  Warren,  Zeitsch.  Chem.  1868,  229.  ^  lb.  231. 

3  Ann.  Chim.  Phys.  (3)  xu.  326.  *  Tiittschew,  Jahrcsb.  1860,  406. 

*  Smith,  Ann.  Ghem,  Pharm.  xlii.  241. 

«  Mendelejeff,  Jakresh.  1860,  7. 

^  Carius,  Ann.  Chem.  Pharm.  cxxvi.  201. 

^  Serullas,  Ann.  Chim.  Phys.  [2],xxxix.  152. 
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which  is  obtained  together  with  heptane  and  other  products  when 
azelaic  acid  is  distilled  with  baryta.  This  cetylene  crystallizes 
in  needles,  melts  at  41°— 42°,  and  boils  at  283°— 285°.i 

Hexpropylene,  CigHgg,  is  formed  together  with  propylene  and 
other  polymerides  by  the  action  of  zinc  and  acetic  acid  on 
propylene  bromide.     It  is  a  liquid  boiling  between  390° — 400°.^ 

655  Cerylene  or  Cerotene,  027^15^,  is  formed  together  with  cerotic 
acid,  in  the  distillation  of  Chinese  wax.  It  is  a  paraffin-like 
mass,  melting  at  57°— 58°.  When  it  is  melted  in  a  closed  tube 
bent  at  right  angles,  and  distilled  six  or  seven  times  backwards 
and  forwards,  it  is  converted  into  a  mixture  of  combustible  gases 
and  of  oily  liquids  boiling  between  75°  and  260°.^  In  this 
respect  it  resembles  solid  paraffin. 

According  to  Konig  and  Kiesow  a  solid  hydrocarbon  is  found 
in  hay,  and  this  which  melts  at  65° — Q%°j  is  either  an  define, 
CgyH^^  or  a  paraffin.^ 

Mclissylene  or  Melene,  Cg^TIgQ,  was  obtained  by  Ettling  by 
distilling  beeswax,  and  was  believed  by  him  to  be  a  paraffin.^ 
Brodie  then  obtained  it  by  distilling  melissyl  alcohol  and  myricine 
(Part  I.,  p.  682).^  It  forms  colourless  crystals  which  melt  at  62°, 
and  are  difficultly  soluble  in  cold,  but  more  readily  soluble  in 
boiling  alcohol. 


OXYACIDS    CONTAINING    MORE    THAN    EIGHT 
ATOMS   OF  CARBON. 


Ethyl-amyl-oxalicacid,  ^^^5\c(OH)C02H  Crystalline. 


M.P. 


CsHn/ 


®  /8-Dipropyl-ethylene-lactic  acid, 

(C3H^)2.C(OH).CH2.C02H         Syrup.        — 
^  Diamyl-oxalic  acid,  (C5H,,)2.C(OH)C02H  Silky  threads.  122° 
^°  Oxymyristic  acid,  C^^HggO^  Glistening  plates.     57° 

^^  Oxymargaric  acid,  Cj^Hg^Og  Plates.         80° 

^  Dale  and  Schorlemmer,  Ann.  Chem.  Pharm.  cxxxvi.  265. 

2  Prunier,  Compt.  Rend.  Ixxvi.  98. 

3  Brodie,  Phil  Trans.  1848  [1],  167. 

*  Ber,  Deutsch.  Cliem.  Gcs.  vi.  500. 

c  Ann.  Chem.  Pharm.  ii.  255.  ^  pj^n  Trans.  1849,  i.  99. 

7  Frankland  and  Duppa,  Phil  Trans.  1866,  329. 

*  Schirokow,  Ber.  Deuttch.  Clicm.  Ges.  xii,  2375. 
^  Frankland  and  Duppa,  loc.  cit. 

^^  R.  Mliller,  Ber.  Deutsch.  Chem.  Ges.  xiv.  2476. 
^1  Ebert,  Ber.  Deutsch.  Chem.  Ges.  viii.  775. 
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Oxymyristic  acid  is  found,  together  with  methyl-ethyl-acetic 
acid  in  the  ethereal  oil  of  the  fruit  of  Angelia  archangelica. 


KETONIC  ACIDS. 

B.P. 

Ethyl  heptyl-acetacetate,  ( Primary  ^         27l°-273° 

C2H30.CH(C7H JCCCgHg  {  Secondary  ^  250°-260° 
sEthyloctyl-acetacetate,  C^HgO'.CHCCgHJCOg.CgHg  280°-282° 
^  Ethyl  di-isobutyl-acetacetate,C2H30.C(C4H9)2C02.C2H5 

250°-253° 

5  Ethyl  diheptyl-acetacetate,C2H30.C(C7Hj2C02.C2H5  331°-332'^ 

6  Ethyl  dioctyl-acetacetate,  C2H30.C(C8H  J,.C02'.C2H5  340°-342° 


DIBASIC  ACIDS. 

656  Azelaic  Acid,  0^11^4(00211)2.  It  has  already  been  stated 
that  Laurent  gave  this  name  to  an  acid  "vvhich  he  found 
amongst  the  products  of  oxidation  of  oleic  acid.  Buckton  then 
obtained  anchoic  acid  by  boiling  Ohinese  wax  with  nitric  acid/ 
and  Wirz  obtained  lepargylic  acid  ^  from  coco-nut  oil.  According 
to  Arppe  these  acids  are  identical,  and  he  retained  for  them 
the  original  name,  and  was  the  first  to  prepare  pure  azelaic  acid- 
The  particulars  of  this  have  already  been  given  under  suberic 
acid,  from  which  acid  it  is  separated  by  treatment  with  ether 
in  which  it  is  easily  soluble.  A  mixture  of  the  two  acids  may 
also  be  dissolved  in  ammonia  and  fractionally  precipitated  with 
calcium  chloride,  Avhen  the  calcium  salt  of  azelaic  acid  is  first 
thrown  down.® 

Azelaic  acid  crystallizes  from  water  in  large  thin  scales,  melt- 
ing at  106°"5,  and  dissolving  in  900  parts  of  cold,  but  in  a  much 
smaller  quantity  of  hot  water.  On  heating,  the  greater  portion 
volatilizes  without  decomposition  and  with  evolution  of  pungent 
vapours,  whence  its  name,  from  a7%&),  I  strangle  or  suffocate. 

^  Jourdan,  Ann.  Ckem.  Pharm.  cc.  105. 

^  Venable,  Ber.  Deutsch.  Chem.  Ges.  xiii.  1651. 

^  Gutlizeit,  Ann.  Ghem.  Pharm.  cciv.  2. 

*  Mixter,  Ber.  Deutsch.  Ghem.  Ges.  vii.  500. 

^  Jourdan,  loc.  cit.  ^  Guth^eit,  loc.  cit. 

^  Journ.  Ghem.  80c.  x.  166. 
**  Ann.  Ghem,  Pharm.  civ.  265. 

*  Grote,  Ann.  Gliem.  Pharm.  cxxx.  208  ;  Spiegel,  ib.  cxcix.  145  j  Gantter  and 
Hell,  Ber,  Deutsch.  Ghem.  Ges.  xiv.  560. 
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Its  salts  have  been  investigated  by  Arppe  and  by  Gantter 
and  Hell. 

a-Azelaic  Acid  is  formed  by  heating  butyro-furonic  acid, 
CgS-^^0^,  with  hydriodic  acid  and  amorphous  phosphorus.  It 
crystallizes  from  chloroform  in  small  needles  which  melt  at 
117°— 118°.i 

657  Sebacic  Acid,  CgH.^Q{GO^)^.  The  fact  that  when  fats  are 
distilled  an  acid  is  obtained  was  known  in  the  last  century. 
Crell  believed  it  to  be  a  peculiar  acid,  and  termed  it  fat-acid, 
and  made  many  experiments  upon  it  in  1778  and  1779,  but 
Thenard  in  1801  showed  that  this  volatile  acid  was  acetic  acid 
as  Gren  had  suggested.  This  same  chemist,  however,  further 
showed  that  a  much  less  volatile  acid  was  obtained  by  distilling 
lard.^  This  fact  was  confirmed  by  V.  Kose.^  It  is  formed 
from  the  oleic  acid  contained  in  fats,*  and  can,  therefore,  be 
obtained  by  distilling  this  acid  alone/  Berzelius  considered 
this  acid  to  be  a  benzoic  acid,  the  properties  of  which  were 
altered  by  admixture.  Its  individuality  was  first  established 
by  Dumas  and  Peligot  in  1834.® 

Sebacic  acid  is  formed  together  with  methyl-hexyl-carbinol 
when  castor-oil  soap  is  heated  with  caustic  alkali,''  and  this 
reaction  serves  as  the  best  means  of  its  preparation.  For  this 
purpose  castor  oil  is  dissolved  in  an  excess  of  the  strongest  soda 
ley,  allowed  to  stand  for  some  time  at  40°,  the  hard  cake  then 
separated  from  the  aqueous  liquid,  and  the  cake  broken  up  and 
dried  quickly,  with  stirring,  in  an  iron  vessel,  and  then  heated  until 
the  smell  of  capryl  alcohol  becomes  perceptible.  It  is  then 
poured  at  once  into  cold  water,  and  on  the  addition  of  hydrochloric 
the  acid  separates  out.^  It  dissolves  in  1000  parts  of  water  at 
17°,  and  in  fifty  parts  at  100°.  It  is  easily  soluble,  and  forms 
feather-like  crystals  or  thin  plates  which  melt  at  127°. 

The  salts  have  been  investigated  by  Neison. 

By  the  action  of  nitric  acid  on  jalapin  and  some  of  its 
derivatives,  W.  Mayer  obtained  an  acid  having  the  composition 
of  sebacic  acid,  which,  as  it  melted  at  104°,  he  believed  to  be 
distinct  from  this  substance,  and  termed  it  ipomic  acid.^    As, 

^  Tonnies,  Ber.  Deutsch.  Chem.  Ges.  xii.  1200. 

"  Ann.  Chim.  xxxix.  193.  3  iVcM.  Journ.  Chem.  iii.  170. 

■*  Gehlen,  Journ.  Chem..  Phys.  i\.  275. 
^  Redtenbaclier,  Ann.  Chem.  Pharvi.  xxxv.  188. 

«  Ann.  Chim.  Phys.  Ivii.  332.  ^  Bo\iis,  .5.  [3],  xliv.  100  ;  xlviii.  99 

^  0.  N.  "Witt,  Ber.   DaUsch.  Chem.   Ges.  vii.   220 ;  see  also  Neison,  Journ. 
Chein.  Soc.  1874,  301. 
^  Ann.  Chem.  Pharm.  Ixxxiii.  145. 
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however,  Neison  and  Bayne  found,  this  substance  is  really 
sebacic  acid,  Mayer  not  having  properly  purified  his  product.^ 

Heptyl-malonic  Acid,  {QrjR^^jQYiiQO^)^,  is  obtained  by  the 
action  of  secondary  heptyl  bromide  on  ethyl  sod-malonate.  It 
forms  crystals  which  melt  at  97° — 98°.^ 

Brassylic  Acidy  GgHi8(G02H)2,  is  formed,  together  with 
dioxybehenoleic  acid  and  brassylic  anhydride  by  the  action  of 
fuming  nitric  acid  on  behenoleic  acid,  CggH^QO^,  the  chief 
product  being  the  aldehyde,  a  light  oily  liquid  which  is  oxidized 
to  brassylic  acid  by  means  of  bromine  and  water.  The  acid 
is  scarcely  soluble  in  cold,  and  only  slightly  soluble  in  boiling, 
water.  It  dissolves  readily  in  ether  and  crystallizes  in  scales 
which  melt  at  108°'5.^ 

Boccellic  Acid,  G-^^^'H.^q^CO^S.)^,  was  discovered  by  Heeren  in 
the  lichens  Roccella  fuciformis  and  Lecanora  tartarea,^  and 
further  examined  by  Liebig,^  Kane,*^  and  Schunck.^  Its  exact 
composition  was  determined  by  Hesse. ^  In  order  to  prepare  it 
the  lichens  are  treated  with  dilute  ammonia,  the  solution 
precipitated  by  chloride  of  calcium,  and  the  washed  precipitate 
decomposed  with  hydrochloric  acid.  Koccellic  acid  is  insoluble  in 
boihng  water,  but  dissolves  very  easily  in  alcohol  and  ether,  and 
crystallizes  in  silver-white  rectangular  four-sided  tables  which 
melt  at  130^,  and  at  a  higher  temperature  partially  volatilize, 
another  part  being  converted  into  the  oily  anhydride. 

Bioctyl'malonic  Acid,  (0^11^7)20(00211)2,  is  insoluble  in 
water,  and  separates  out  from  hot  benzene  in  crystals  which  melt 
at  75°. « 

^  Joum.  Chem.  Soc.  1874,  729. 

^  Venable,  Ber.  DeutscK  Chem.  Ges.  xiii.  1651. 

3  Haussknecht,  Ann.  Chem.  Pharm.  cxliii.  45. 

*  Schweigg.  Joum.  lix.  346.  ^  Pogg.  Ann.  xxi.  31, 

8  Phil.  Trans.  1840,  299.  ^  Chem.  Soc.  Joum.  iii.  153. 

8  Ann.  Chem.  Pliarm.  cxyii.  332. 

"  Conrad  and  BischofiF,  ib.  cciv.  163, 
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658  Uric  Acid,  Cgll^N^Og.  The  attention  of  the  alchemists, 
and  especially  of  Paracelsus,  was  naturally  directed  to  the  peculiar 
deposits  known  as  urinary  concretions.  In  comparing,  as  was 
his  wont,  the  changes  which  occur  in  the  animal  body  with 
those  which  take  place  in  ordinary  chemical  reactions,  Para- 
celsus explained  that  the  deposition  of  these  concretions  was 
similar  to  that  of  cream  of  tartar  observed  in  the  manufacture 
of  wine,  and  hence  these  bodies  were  classed  together  by  him 
under  the  name  of  tartarus.  Van  Helmolt  held  similar  views, 
but  he  made  these  deposits  the  subject  of  an  experimental  in- 
vestigation, and  observed  that  on  dry  distillation  they  yielded 
the  volatile  alkali,  a  yellow  crystalline  mass,  some  combustible 
oil,  and  carbon.^  Similar  experiments  were  made  by  other 
chemists.  But  the  examination  of  uric  acid  in  the  wet  way 
yielded  no  important  results,  until  Scheele  in  1776  discovered 
uric  acid  and  showed  that  certain  of  these  concretions  dis- 
solve in  alkali,  and  are  re  precipitated  on  the  addition  of 
acids.  He  likewise  noticed  that  they  dissolve  in  nitric  acid 
with  evolution  of  nitrous  vapours  and  fixed  air,  and  that  the 
solution  on  evaporation  leaves  a  red  residue.  In  one  passage 
Scheele  explains  that  the  concretion  is  an  oily  salt  in  which 
the  acid  is  in  excess,  and  in  another  he  calls  it  a  new  acid.2 
About  the  same  time  Bergman  was  occupied  in  an  investiga- 
tion of  a  urinary  calculus  and  he  also  noticed  the  formation 
of  the  red  colour  produced  by  the  action  of  nitric  acid.^ 

Uric  acid  was  first  termed  lithic  acid,  the  name  which  it  now 
bears  having  been  introduced  by  Pearson  in  1797  in  the  form 
of  uric  oxide,*  whilst  Fourcroy,  in  1799,  designated  it  as  acid 
uriqiie^ 

^  I'ractate  de  Liikiasa,  1644. 

2  Opiisc.  ii.  73  ;  Grell  ^V.  Entdcck.  iii,  227. 

3  0-^isc.  IV.  387  ;  Crell.  iii.  232. 

*  Scherer,  Journ,  Chcm.  i.  48.  ^  Ann.  Chem,  xvi,  116  ;  xxvii,  225. 
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Amongst  the  numerous  chemists  who  have  investigated  uric 
acid  the  names  of  Liebig  and  Wobler  deserve  the  first  mention. 
In  their  classical  research  they  showed  that  the  acid  yields  a  large 
number  of  derivatives,  which  may  be  grouped  together  under 
alloxan,  C^HgN^O^,  and  parabanic  acid,  CgHgNgOg.^  Schlieper 
then  made  us  acquainted  with  many  other  derivativeii,^  but  it 
is  to  Baeyer's  investigation  that  we  are  indebted  for  the  first 
clear  insight  into  the  constitution  of  these  somewhat  complicated 
compounds,  inasmuch  as  he  showed  that  most  of  these  derivatives 
are  compound  ureas  containing  acid  radicals.^ 

Uric  acid  is  a  product  of  the  metabolism  of  the  animal 
organism.  It  occurs  in  human  urine,  which  normally  contains 
about  O'o  grams  per  diem.  It  is  likewise  found  in  the  urine 
of  other  mammalia,  especially  in  that  of  the  carnivora,  and  also 
in  carnivorous  and  graminivorous  birds  and  reptiles.  The  excre- 
ment of  insects  and  other  lower  animals  also  contains  uric  acid ; 
it  is  likewise  found  in  the  flesh  of  the  alligator,  and  in  the 
lungs,  spleen,  liver,  and  brain  of  the  ox.*  In  gout  and  other 
diseases  it  occurs  in  the  blood  as  the  acid  sodium  salt,^  and  it  is 
deposited  in  the  joints,  as  so-called  chalk  stones,  and  is  also  found 
in  various  secretions,  as  in  the  saliva,  perspiration,  gastric  juice, 
&c.^  Urinary  concretions,  as  well  as  the  buff-coloured  sediment  or 
muddiness  observed  in  the  urine  of  man  and  of  many  animals, 
usually  consists  of  uric  acid  or  acid  ammonium  urate,  and  this 
re-dissolves  when  the  urine  is  warmed. 

Amido-acids,  such  as  glycocoll,  leucine,  aspartic  acid,*^  as  well 
as  urea  itself,^  when  brought  into  the  organism  of  fowls  are 
changed  to  uric  acid  found  in  the  urine. 

Preparation.  Uric  acid  was  formerly  prepared  either  from 
urine,  from  urinary  concretions,  or  from  the  excrement  of 
graminivorous  birds  and  serpents.^  Guano  is  now  best  employed 
for  the  purpose,  and  not  long  ago  uric  acid  was  manufactured 
on  a  large  scale  from  this  source  for  the  preparation  of  the  red 


^  Ann.  Chem.  Pharm.  xxvi.  241,  "  lb.  Ivi.  1. 

^  lb.  cxxvii.  1  and  199  ;  cxxx.  129. 

*  On  the  Occurrence  of  Uric  Acid,  see  Gmelin's  handbook,  vol.  x.  p.  455. 

*  Garrod,  Med.  Ckir.  Trans,  xxxi,  83.     lb.  xxxvii.  826. 
"  Boucheron,  Campt.  Rend,  xciii.  391. 

'  Knieriem,  Ber,  Deutsch.  Chem.  Ges.  x.  1930  ;  Jaffa  and  Meyer,  ib. 

^  Braconnot,  Ann.  Ghim.  Phys.  xvii.  392;  Prout,  Phil.  Trans.  1818,  420  ; 
Bensch,  Ann.  Chem.  Pharm.  liv.  189;  Allen  and  Bensch,  ib.  Ixv.  181  ;  Fritsche, 
Joum.  Prakt.  Chem.  xiv.  245  ;  Arppe,  Ann.  Chem.  Pharm.  Ixxxvii.  237. 

^  Bibra,  Ann.  Chem.  Pharm.  liii.  Ill  ;  Bensch,  ib.  Iviii.  266  ;  Lowe,  Jonrn. 
Prakt.  Cham.  xcvi.  403. 
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colouring-matter  murexide,  the  demand  for  which  has,  however, 
now  disappeared,  owing  to  the  introduction  of  aniline  red. 

In  order  to  prepare  uric  acid,  guano  is  first  moistened  with 
dilute  hydrochloric  acid,  to  dissolve  the  oxalates,  carbonates, 
and  phosphates  which  are  present.  The  residue  ig  then  boiled 
with  caustic  soda,  and  the  clear  solution  acidified  with  hydro- 
chloric acid.  If  the  uric  acid  which  is  then  precipitated  be 
not  colourless,  a  small  quantity  of  potassium  permanganate 
or  potassium  bichromate  is  added  to  the  boiling  alkaline 
solution,  and  the  uric  acid  then  reprecipitated  by  hydrochloric 
acid,  the  precipitate  being  afterwards  repeatedly  boiled  with 
strong  hydrochloric  acid.  The  crude  acid  may  also  be  dissolved 
in  concentrated  sulphuric  acid,  and  precipitated  by  the  addition 
of  water.^ 


Fig.  111. 


659  Synthesis  of  Uric  Acid,  Uric  acid  has  recently  been  ob- 
tained synthetically.  Strecker  had  noticed  some  time  ago  that, 
when  heated  with  concentrated  hydriodic  acid  to  160° — 170°,  uric 
acid  decomposes  into  giycocoll,  ammonia,  and  carbon  dioxide,^ 
the  two  latter  compounds  being  products  of  decomposition  of 
urea.  Horbaczeweski  has  now  made  the  interesting  discovery, 
that  when  glycocoU  is  heated  with  an  excess  of  urea  to  200°— 
300°,  uric  acid  is  formed  :  ^ 

C^H.NO^  +  3CH,Np  =  C,H,N,03  +  3NH3  +  2H2O. 

^  Hofmami,  Rrp.  London  Exhibition^  186?,  i!.8. 

2  Zeitshr,  Chem.  1868,  215.  »  £er.  Deutsch,  Ckem.  Oes.  xv.  2678. 
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.  Prop&rtieS'.  Uric  acid  consists  of  a  crystalline  powder  of  small 
scales  or  tables  (Fig.  11 1),  which  become  larger  when  slowly 
deposited  from  urine.  It  dissolves  at  20°  in  from  14,000  to 
15,000  parts,  and  at  100°  in  from  1,800  to  1,900  parts  of  water. 
It  is  insoluble  in  alcohol  but  tolerably  soluble  in  glycerine,  and 
it  also  dissolves  without  decomposition  in  strong  sulphuric  acid. 
On  dry  distillation  uric  acid  decomposes  without  fusion,  yielding 
ammonia,  cyanic  acid,  cyanuric  acid,  and  urea.^  Scheele  noticed 
that  a  solid  acid  is  deposited  on  the  sublimation  of  uric  acid,  and 
this  he  compared  to  succinic  acid,  whilst  Pearson  considered  it 
to  be  benzoic  acid.  William  Henry  held  the  opinion  that  it  was 
a  peculiar  acid,  and  this  was  confirmed,  in  the  year  1820,  by 
Lassaigne  and  Chevalier  who  termed  it  pyro-uric  acidy  and  this 
was  shown  by  Wohler  to  be  cyanuric  acid.  When  oxidized  in 
acid  solution  it  yields  urea  and  alloxan  or  mesoxalyl  urea, 
C303(NH)2CO,.  and  when  heated  with  ammonia,  mycomelic 
acid,  C30(NH)^C0,  is  formed,^  which  latter  compound  is  also 
obtained  when  uric  acid  is  heated  with  water  to  180°,  carbon 
monoxide  being  evolved.^  These  reactions  point  to  the  constitu- 
tional formula  of  uric  acid  which  was  first  given  by  Fittig  :  * 

Alloxan.  Mycomelic  Acid. 

HN— CO  HN— C=NH 

CO  CO    +    2NH3    =    CO  CO  +    2H2O. 

II  II 

HN— CO  HN— C=NH 

Uric  Acid.  Mvcomelic  Acid. 

HN— C— NH  HN— C=NH 

^o'cO    =    CO        CO         +    CO. 

/   /  \     / 

HN— C— NH  HN— C=:NH 

Another  constitutional  formula  for   uric  acid  proposed  by 
Medicus,  which  corresponds  -well  with  most  of  the  reactions,  is 

the  following : 

HN— CO 

CO  C-NH 

I      II       /^°- 
HN— C— NH 

'  Wohler,  Pogg.  Ann.  xv.  529  and  626. 

^  Wohler  and  Llehig,  Ann.  Chem.  Pharm.  xxvi.  314. 

'  Wohler,  Ann.  Chem.  Pharm.  ciii.  118 ;  Hlasiwetz,  ib.  ciii.  211. 

*  Qrund/r.  Org.  Chem.  10  Aufl.  309  ;  Ber.  Deutsch.  CMm.  Ges.  xi,  1792. 
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Tests,  When  uric  acid  is  heated  with  a  small  quantity  of  nitric 
acid  and  evaporated  to  dryness,  a  pinkish  residue  is  obtained, 
which,  on  addition  of  ammonia,  yields  a  deep  reddish-purple 
solution.  Potash  converts  the  colour  into  a  violet  blue.  This 
reaction,  which  w^as  first  observed  by  Prout,  will  be  explained 
under  the  head  of  Murexide. 

If  uric  acid  be  dissolved  in  a  drop  of  carbonate  of  soda  solution, 
and  then  brought  on  to  a  piece  of  filter-paper  moistened  with 
a  solution  of  silver  nitrate,  a  dark  brown  stain  of  metallic  silver 
is  formed.^ 

Estimation  of  Uric  Acid.  In  order  to  determine  the  quantity 
of  uric  acid  contained  in  urine,  200  cc.  of  the  liquid  are  mixed 
with  10  cc.  of  a  saturated  solution  of  carbonate  of  sodium,  and 
after  standing  a  few  hours  20  cc.  of  concentrated  sal-ammoniac 
solution  are  added,  and  the  mixture  allowed  to  stand  for  forty- 
eight  hours  longer  in  a  cool  place.  The  precipitate  is  collected 
on  a  weighed  filter  and  washed  two  or  three  times,  and  then  a 
mixture  of  one  part  of  hydrochloric  acid  of  specific  gravity 
1*123,  and  ten  parts  of  water  poured  on  until  the  whole  of 
the  ammonia  has  been  removed.  The  filtrate  is  then  allowed 
to  stand  for  six  hours,  and  the  uric  acid  which  precipitates 
is  added  to  that  on  the  filter,  and  the  whole  washed  twice 
with  water  and  then  with  alcohol.  It  is  dried  at  110°,  003 
gram  being  added  to  the  weight  found.^ 


The  Urates. 

66o  Uric  acid  is  a  weak  dibasic  acid.  Its  salts,  which  have 
been  chiefly  investigated  by  Bensch,^  and  Bensch  and  Allen,*  are 
for  the  most  part  difficultly  soluble  in  water,  the  normal  urates 
of  the  alkali  metals  being  the  most  soluble ;  from  these  solutions 
carbon  dioxide  precipitates  the  difficultly  soluble  acid  salts. 

Normal  Potassium  Urate,  C5II2N4O3K2.  Uric  acid  dissolves 
readily  in  potash  ley  forming  a  liquid  whicb  has  a  sweetish  taste 
and  which  froths  like  soap-suds  (Scheele).  The  normal  salt  is 
precipitated  from  this  solution  by  carbon  dioxide.  It  is  also 
obtained  by  dissolving  the  acid  in  dilute  caustic  potash  and 
evaporating  the  solution  in  a  retort.     The  salt  is  obtained  in 

*  SchifF,  Ann.  Chem.  Pharm.  cix.  67. 

2  Salkowski,  Fresenius'  Zeitsch.  xvi.  371, 

3  Ann.  Chem.  PJutrm.  liv.  189.  ■*  lb.  Ixv.  181. 


THE  URATES. 


295 


needles  or  as  a  white  crystalline  meal.  It  possesses  a  strong 
alkaline  reaction  and  a  caustic  taste,  and  it  is  gradually  decom- 
posed by  boiling  water  with  formation  of  the  acid  salt.  Thirty- 
six  parts  of  water  at  15"  dissolve  one  part  of  the  salt,  but  it 
appears  to  be  partially  decomposed  as  the  solution  contains  a 
small  quantity  of  free  caustic  potash,  and  the  undissolved  residue 
contains  the  acid  salt. 

Acid  Potassium  Urate,  CgHgN^OgK,  is  an  amorphous  or 
granular  mass  which  dissolves  at  20°  in  from  700  to  800  part:?, 
and  at  100°  in  from  70  to  80  parts  of  water.  In  fevers  it  occurs 
as  a  urinary  deposit. 

Normal  Sodium  Urate^  CgHgN^OgNag  4-  HgO,  closely  resembles 
the  potassium  salt,  and  forms  hard  nodules  which  dissolve  with 
partial  decomposition  in  62  parts  of  water. 


Fio.  112, 


Add  Sodium  Urate,  2C5H3N403Na  +  HgO,  is  formed  not  only 
by  the  action  of  carbon  dioxide  on  the  normal  salt,  but  also 
when  uric  acid  is  boiled  with  carbonate  of  soda,  borax,  sodium 
phosphate,  or  sodium  acetate.  It  is  a  crystalline  powder  ex- 
hibiting under  the  microscope  the  forms  shown  in  Fig.  112,  and 
dissolving  at  15°  in  from  1100  to  1200  parts,  and  at  lOO"*  in 
from  123  to  125  parts  of  water.  It  occurs  in  amorphous  grains 
as  a  urinary  deposit,  and  also  in  gouty  concretions. 

Acid  Lithium  Urate,  CgHgNPsLi,  crystallizes  in  grains  and 
dissolves  at  20'  in  367*8  parts,  and  at  100°  in  39  parts  of  water. 
The  normal  salt  does  not  exist.^ 

'  Schilling,  Ann.  Chem,  Pharm.  cxxii.  241. 
183 
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The  ready  solubility  of  uric  acid  in  carbonate  of  lithium  is 
remarkable,  inasmuch  as  this  salt  itself  requires  200  parts  of 
water  for  its  solution.  If,  however,  equal  parts  of  uric  acid  and 
lithium  carbonate  be  brought  in  contact  with  90  parts  of  water 
at  blood-heat,  a  clear  solution  is  obtained,  and  at  the  boiling- 
point  one  part  of  the  carbonate  and  no  less  than  four  parts  of 
the  acid  dissolve.  Owing  to  this  property,  lithium  carbonate  is 
much  used  in  cases  of  gout  or  in  other  diseases  in  which  deposits 
of  uric  acid  are  formed.  Lipowitz,  who  made  these  observations, 
remarks  that  lithium  is  truly  a  nomen  et  omen  when  we  re- 
member its  power  of  dissolving  calculi.^ 

Acid  Ammonium  Urate,  Cfi^fi.J^B.^,  This,  as  has  been 
stated,  occurs  in  many  urinary  concretions,  and  in  the  solid 
excrements  of  birds  and  serpents,  and  is  formed  when  uric  acid 


yiG.  113. 

is  boiled  with  ammonia.  It  crystallizes  in  microscopic  needles 
(Fig.  113)  which  dissolves  at  15°  in  1608  parts  of  water.  When 
boiled  for  some  time  this  solution  loses  all  its  ammonia. 

The  normal  salt  does  not  exist,  but  salts  having  the  following 
composition  are  known : 

(a)  0,H3N,03(NH,)  +  C.H^NpgCNH,)^  and 

{h)  2C,H3N,03(NH,)  -f  C,H,N,03(NH,),.-2 

The  urates  of  other  metals  either  dissolve  with  more  difBcjilty 
than  the  foregoing,  or  are  altogether  insoluble. 

^  Ann,  Chem.  Pharm.    xxxviii.  352. . 
^  Maly,  Jou7m.  Praht.  Chem.  xcii.  10. 
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66i  Sulphates  of  Uric  Acid,  By  dissolving  uric  acid  in  hot 
sulphuric  acid  and  cooling  the  solution  Fritzsche  obtained  large 
transparent  crystals  having  the  formula  05114^403.4112804.^ 
Lowe  also  obtained  similar  crystals,  containing  two  molecules  of 
sulphuric  acid,^  and  Lassaigne,  on  dissolving  in  warm  sulphuric 
acid  the  crystals  which  are  first  formed  by  saturation  with  uric 
acid  at  100°,  obtained  on  cooling  large  transparent  crystals 
containing  three  molecules  of  sulphuric  acid.^ 

Methyl  Uric  Acid,  C5H3(CH3)N403,  is  obtained  by  heatin^ij 
lead  urate  with  methyl  iodide  to  150° — 160".  It  forms  small 
thin  prisms  which  dissolve  in  about  250  parts  oi  boiling  water, 
and  are  almost  insoluble  in  cold  water  and  boiling  alcohol.  It 
gives  the  murexide  reaction,  and  when  heated  with  hydrochloric 
acid  under  pressure  it  decomposes  into  carbon  dioxide,  ammonia, 
methylamine,  and  glycocoll,  whilst  on  oxidation  with  nitric  acid 
it  yields  methyl-alloxan.  It  is  a  dibasic  acid,  and  forms,  with  the 
metals  of  the  alkalis  and  alkaline  earths,  easily  soluble  salts.* 

Dimethyl  Uric  Acid,  C5H2(CHg)2N403,  is  obtained  by  heating 
basic  lead  urate  with  methyl  iodide  and  forms  small  oblique 
prisms  containing  one  molecule  of  water.  It  dissolves  in  about 
200  parts  of  boihng-  and  800  parts  of  cold-water,  and  is  scarcely 
soluble  in  alcohol.  On  heating  with  hydrochloric  acid  it  yields 
the  same  products  as  methyl  uric  acid,  and  on  oxidation  de- 
composes into  methyl  urea  and  methyl-alloxan,  from  which  it 
appears  that  the  two  methyl  groups  are  contained  in  two 
different  urea-residues.     It  is  also  dibasic.^ 

Tlroxanic  Acid,  Q^^fi^y  is  formed  when  a  solution  of  uric 
acid  in  caustic  potash  is  exposed  for  some  months  to  the  action 
of  air  free  from  carbon   dioxide,  when  the  following  reaction 

occurs  :  ^ 

OH 

HN— C— NH  HgN     C NH 

CO  CO    +    Oh-   2H2O    =    CO 


/ 

CO 

\ 


\ 

CO2H  CO 


/ 


HN— C-NH  HN— C NH 

OH 

^  Joum.  PraH.'Chcm.'-^y,  243,  ^  Ih.  xcvii.  108. 

'  Jahrcsb.  1864,  469. 

*  Hill,  Ber.  Deutsch.  Chem.  Ges.  ix.  370,  1090. 

**  Mabery  and  Hill,  Ber,  Deutsch.   Chem,  Ges.  xL  1329  ;  xiii.  739. 

*  Stadeler,  Ann.  Chem.  Pharm.  Ixxviii.  286  ;  Streckei,  ib.  civ.  177  ;  Mulder, 
Ber.  Deutsch,  Chem,  Ges.  viii.  1291. 
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To  this  liquid,  after  standing,  acetic  acid  and  alcohol  are 
added,  "when  the  potassium  uroxanate  is  thrown  down,  and  this  is 
then  decomposed  with  hydrochloric  acid.  This  acid  is  difficultly 
soluble  in  cold  water,  and  crystallizes  in  short  prisms  or  sphe- 
noids. On  boiling  with  water  it  decomposes  into  carbon  dioxide, 
urea  and  glyoxyl-urea.^     Uroxanic  acid  is  dibasic. 

Oxonic  Acid,  C.^H^NgO^,  is  formed  together  with  uroxanic 
acid.  It  is  a  dibasic  acid  which  is,  however,  not  known  in 
the  free  state,  as  its  salts  are  decomposed  even  by  acetic  acid 
with  formation  of  carbon  dioxide,  ammonia  and  glyoxyl-urea.^ 


662  The  other  numerous  derivatives  of  uric  acid  may  be 
classed  in  three  groups.  It  has  been  stated  that  this  acid  when 
oxidized  in  acid  solution  first  yields  urea  and  alloxan  or  mesoxalyl- 
urea.  This  substance,  as  well  as  the  bodies  belonging  to  the 
alloxan  group,  contains  three  atoms  of  carbon  in  direct  combina- 
tion, and  in  addition  to  these  a  urea-residue  : 

.NH— CO 

Alloxan,  or  ^  \C0 

Mesoxalvlurea  ^  /       * 

\nh— CO 

.KH— CO 
Dialuric  acid,  or  Xr\  \r\~iy  r^xr 

Tatronylurea  \^  />^H.OH, 


^■^ 


^NH— CO 

.NH— CO 

Barbituric  acid,  or  ^^  Xmr 

Malonylurea  ^  /       ' 


XJramil,  or 
Amido-barbituric  acid 


^NH— CO 

,NH— CO 
CO  \CH.NH2, 

\nh— CO 


/NH— CO 

/  *  \ 

Alloxanic  acid  CO  ^CO. 

\nh2  co.oh 

^  Medicus,  Ber,  Deutsch.  Clum.  Ges.  ix.  1162. 
^  lb.  Ann,  Chem.  Flmrm,  clxxv,  230. 
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Further  oxidation  converts  alloxan  into  parabanic  add  or 
oxalyl-urea.  This  substance,  as  well  as  the  other  compounds 
of  the  parabanic  group,  also  contain  one  urea-residue  or  they 
are  mono-ure'idcs,  as  follov/s  : 


Parabanic  acid,  or 
oxalylurea 


Oxaluric  acid 


Oxaluramide,  or 
Oxalan 


.NH— CO 


CO 


NH— CO 

-NH— CO 


CO 


■NHg  CO.OH 
.ISTH— CO 


CO 


Nil.  CO.NH, 


If,  on  the  other  hand,  uric  acid  be  oxidized  in  neutral  or 
alkahne  solution  allanto'in  is  formed.  This  body  is  a  di-ure'ide, 
and  from  this  the  compounds  arranged  m  the  third  group  are 
derived  : 


Allantoin 


Allantoic  acid 


Allanturic  acid,  or 
glyoxylurea 


NH— CH— NH 


CO 

\nh— 


CO 


CO     NH 
NH— CH 


2 

NH 


CO 


:C0 


\nh,  cojinil 


NH— CH 


CO 


0 


NH2    CO 


ALLOXAN  GROUP. 

663  Mijcomelic  Add,  G^^fi^.  The  formation  and  constitu- 
tion of  this  body  have  already  been  discussed.  Its  synthetic  pro- 
duction is,  however,  a  matter  of  great  interest.  Cyanogen  and 
dry  ammonia  unite  together  to  form  hydrazidmin,  C^HgNg.  a 
pitchblack  amorphous  mass  which  is  decomposed  by  water  into 
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hyclrazulmoxin  or  azulmic  acid,  C^^fi,  which  is  also  formed 
when  an  aqueous  solution  of  cyanogen  is  allowed  to  stand 
(Vol.  I.,  p.  659),  or  in  larger  quantity  when  the  gas  is  passed 
into  concentrated  ammonia.  If  this  be  heated  for  a  long  time 
with  water,  mycomelic  acid  is  formed.^  It  is  a  yellow  light 
powder  which  dissolves  with  difficulty  in  cold-  but  more 
readily  in  hot-water.  It  is  also  easiJy  soluble  in  alkalis  and 
acids.  Its  aqueous  solution  fluoresces  with  a  fine,  greenish- 
blue  colour,  and  when  poured  into  water  it  forms  sky-blue 
clouds. 

664  Alloxan  or  Mesoxalyl-  Urea,  C^HgNgO^.  A  crystalline  body 
was  obtained,  in  the  year  1817,  by  G.  Brugnatelli,  by  the  action 
of  nitric  acid  or  of  chlorine  and  iodine  in  presence  of  water  upon 
uric  acid,  and  to  this  he  gave  the  name  Acido  ossieretrico,^  Prout 
sliowed  that  the  same  compound  is  formed  by  the  oxidation  of 
purpurate  of  ammonia  (murexide).^  The  mode  of  preparing 
this  body  seems  to  have  been  forgotten  until  Liebig  and  Wohler 
pointed  out  the  conditions  under  which  it  can  be  obtained  in 
the  pure  state.  They  determined  its  composition  and  more 
■  important  properties,  and  gave  to  it  the  name  Alloxan.^  It  is 
formed,  together  with  urea,  from  uric  acid  according  to  the 
following  equation: 

HN— C NH  HN— CO  NH, 

/        \.      \  /       \  \ 

CO  CO    CO    +    0    +    Ufi    =    CO        CO     +     CO 

\    y  y  \    /       / 

HN  ~C NH  HN-  CO  NH^ 

In  order  to  prepare  pure  alloxan,  the  following  method  is 
recommended  by  Liebig.^  Uric  acid  is  added  in  small  quantities 
to  a  mixture  of  1  part  of  nitric  acid  of  specific  gravity  1-42,  and 
8  to  10  parts  of  water  at  60" — 70°,  time  being  allowed  between 
each  addition  for  the  solid  to  dissolve.  As  soon  as  the  liquid 
has  become  a  brick -red  colour  it  is  heated  to  boiling  and 
filtered.  To  the  filtrate,  a  concentrated  solution  of  tin  dichloride 
is  added  mixed  with  an  equal  volume  of  hydrochloric  acid 
until  the  precipitation  of  alloxantin  (p.  304),  which  takes  place, 
IS  complete.  This  is  then  washed  with  cold  water  and  dried  on 
a  porous  plate.     The  dry  mass  is  rubbed  up,  with  a  mixture 

^  Jacobsen  and  Emmerlino;,  Bcr.  DevUcJi.  Chem.  Ges.  iv.  947. 
"  Brugn.  Giorn.xi.  38  and  117  ;  Ann,  Chim.Phys.\\\\.  201  ;  Schweigg.  Journ. 
xxiv.  208.  3  ^jt,i^  pi^ii^  ^i^r   333^ 

*  Ann.  Chem.  Pharm.  xxvi.  256.  **  Ann.  Chem.  Fharni.  cxlvii.  366. 
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cf  2  parts  of  nitric  acid  of  specific  gravity  1*5  and  1  part  of 
the  same  acid  of  specific  gravity  1-42,  to  a  thick  paste, 
and  the  whole  allowed  to  stand  until  the  product  is  readily 
and  completely  soluble  in  water.  The  paste  is  then  dried 
on  a  porous  plate,  heated  in  a  water-bath  till  all  the  nitric 
acid  is  driven  off,  and  crystallized  from  the  smallest  possible 
quantity  of  boiling  water.  On  cooling  a  warm  saturated 
solution,  large  crystals  of  alloxan,  somewhat  resembling  those 
of  heavy-spar  in  appearance,  but  belonging  to  the  triclinic 
system,^  are  deposited  (Fig.  114).  These  contain  four  mole- 
cules of  water  of  crystallization  and  readily  effloresce  on 
exposure.  The  hot  solution  deposits  nionoclinic  prisms  (Fig. 
115)  containing  one  molecule  of  water  of  crystallization,  which 
latter,  according   to  Gmelin,  is  given  off   at  150° — 160"",  the 


Figs.  114,  115. 

residue  becoming  slightly  brownish-red.^  Liebig  and  Wohler 
consider  that  the  monobydrated  alloxan  is  the  anhydrous  com- 
pound, but,  according  to  Baeyer,^  it  probably  possesses  the 
following  constitution : 

CO— NH. 

croH)/  >co. 

''\C0-NH/ 

Alloxan  is  easily  soluble  in  water,  and  has  a  faint  astrin- 
gent taste.  Its  solutions  redden  litmus-paper,  and  stain  the 
skin  of  a  permanent  purple-red  colour,  imparting  to  it  a 
peculiar   disagreeable    smell.       It   is    insoluble    in  nitric  acid, 

1  Lang  and  Grailich,  Jahresh.  1858,  308. 

^  Handbook  Org.  Chem.  x.  173. 

»  Gmelin- Kraut's  Eandb.  Su'gpt  864. 
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and  is  therefore  precipitated  by  this  reagent  from  its  aqueous 
solutions.  In  the  pure  state  it  can  be  preserved  without  under- 
going decomposition,  but  if  it  contains  nitric  acid  it  decomposes 
with  formation  of  alloxantin,  oxalylurea,  and  other  products, 
and  a  similar  decomposition  occurs  when  the  aqueous  solution 
is  boiled.  Heated  with  ammonia  it  forms  a  jelly-like  mass  of 
ammonium  mycomelate.  Ferrous  salts  impart  a  deep  blue  colour 
to  solutions  of  alloxan.  No  precipitate  is  thrown  down  unless 
an  alkali  be  present,  in  which  latter  case  precipitation  at  once 
occurs.  It  was  by  this  reaction  that  Liebig  and  Wohler  re- 
cognised that  their  compound  was  identical  with  Brugnatelli's 
acido  ossicreti^co.  When  boiled  with  water  and  lead  oxide, 
alloxan  is  converted  into  carbon  dioxide  and  urea. 

Alloxan  was  found  by  Liebig  to  occur  in  mucus  in  a  case  of 
intestinal  catarrh.^ 

Alloxan  forms  compounds  with  the  acid  sulphites  of 
the  alkali  metals.  These^  such  for  example  as  C^HgNgO^  -f 
HKSO3  +  HgO,  crystallize  well.  The  above  compound  is 
difficultly  soluble  in  cold,  but  easily  soluble  in  hot,  water.^ 
The  constitution  of  these  bodies  is  analogous  to  that  of  the 
similar  compounds  of  the  aldehydes  and  ketones. 

Alloxan  oxidizes  amidopropionic  acid  to  carbon  dioxide  and 
acetaldehyde,  it  being  converted  itself  into  murexide.  In  the 
same  way  it  attacks  other  amido-acids  with  formation  of  the 
isomeric  aldehydes  containing  one  atom  less  carbon.^  If  alloxan 
be  heated  with  thio-urea  and  an  alcoholic  solution  of  sulphur 
dioxide,  pseudo-thio-uric  acid,  C^HgN^OgS,  is  formed.  This 
crystallizes  in  fine  needles  which  are  not  soluble  in  water 
though  easily  soluble  in  alkalis.^  Its  constitution  probably 
corresponds  to  that  of  pseudo-uric  acid  (p.  307). 

665  Alloxanic  Acid,  C^H^N^Og,  was  first  obtained.by  Vauquehn 
in  an  impure  condition,  and  termed  Acide  tcrique  suroxigeiiS,  It 
is  also  formed  by  the  action  of  alkalis  on  alloxan,  and  has  been 
investigated  by  Liebig  and  Wohler,^  and  also  by  Schlieper.^  lu 
order  to  prepare  it,  baryta-water  is  added  drop  by  drop  to  a 
warm  saturated  solution  of  alloxan  until  a  permanent  turbidity 
is  produced.  This  is  then  removed  by  the  addition  of  a  small 
quantity  of  alloxan,  and  the  whole  cooled.     Barium  alloxanate, 

^  Ami.  Chevi.  Pkarm.  cxxi.  80. 

-  Gregory,  Phil.  Mag.  [3],  xxiv.  189  ;  "Wuth,  Ann,  CJiem.  Pharm.  cviii.  41, 

^  Strecker,  ih.  cxxiii.  363. 

'^  Nencki,  Ber.  Deutsch.  Chem.  Ges.  iv.  722. 

^  Ann.  Chem.  Pharm.  xxvi.  292.  «  lb.  Iv.  263  ;  Ivi.  1„ 
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C4H2N205Ba  +  4H20,  then  separates  in  short  prisms  or  pearly 
scales,  and  the  mother-liquor  is  again  treated  with  baryta- 
water  in  a  similar  way.  The  salt  is  decomposed  by  dilute 
sulphuric  acid,  the  solution  concentrated  over  sulphuric  acid, 
when  a  syrup  remains,  and  this,  on  standing  for  some  time, 
deposits  a  radiated  crystalline  mass  consisting  of  hard  triclinic 
needles. 

Alloxanic  acid  possesses  a  strongly  acid,  and  afterwards  a 
sweetish,  taste.  It  dissolves  zinc  with  evolution  of  hydrogen, 
and  decomposes  carbonates  and  acetates.  If  the  normal  barium 
or  calcium  salt  be  boiled  with  water,  urea  and  mesoxalic  acid 
are  formed : 

CO.OH  NH.  CO.OH  NH. 

\        I  \  ! 

CO     CO      4     H,0     =        CO      +      CO 


■2 
/  \  /  \ 

CO NH  CO.OH  NH 


According  to  this  formula  alloxanic  acid  contains  only  one 
carboxyl.  It  is,  however,  dibasic,  and  forms  acid-  normal- 
and  basic-salts,  inasmuch  as  the  hydrogen  of  the  amido-group, 
which  is  combined  with  two  carbonyls,  can  be  replaced  by 
metals.  On  the  other  hand  Clans  ^  represents  it  as  having  the 
following  constitution  : 

HN      CO.OH 

l\! 
coc 

HN      CO.OH. 

If  this  view  be  correct  alloxan  is  the  corresponding  hydrate, 
and  alloxanic  acid  should,  therefore,  be  readily  converted  into 
this  body  ;  this  is,  however,  not  the  case. 

666  Bialuric  Add  or  Tatronyl  Urea,  C^H^NgO^.  This  com- 
pound is  the  final  result  of  the  action  of  reducing  agents,  such  as 
zinc  and  hydrochloric  acid,  on  alloxan.  It  may  also  be  obtained 
by  passing  sulphuretted  hydrogen  gas  into  a  boiling  solution  of 
alloxan  until  the  separation  of  sulphur  ceases  (Liebig  and 
Wohler).  The  following  is,  however,  the  best  method  of 
preparation,  impure  uric  acid  being  the  raw  material.  On  to 
16  parts  of  this  substance  32  parts  of  tolerably  concentrated 
hydrochloric  acid  are  poured,  and  3  parts  of  finely  powdered 

1  Ber.  Deutsch.  Chem.  Ges.  vii.  232. 
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potassium  chlorate  gradually  added,  care  being  taken  that  the 
mass  does  not  become  too  strongly  heated,  and  that  neither 
carbon  dioxide  nor  chlorine  is  evolved.  The  paste  of  alloxan  thus 
obtained  is  dissolved  in  a  small  quantity  of  warm  water,  and  the 
solution  filtered  off  from  any  undecomposed  uric  acid.^  A 
quantity  of  metallic  tin,  equal  in  weight  to  the  uric  acid 
employed,  is  then  dissolved  ia  an  excess  of  strong  hydrochloric 
acid,  and  the  hot  solution  added  to  the  solution  of  alloxan,  and 
then  such  a  quantity  of  hydrochloric  acid  added  that  every  500 
grams  of  the  uric  acid  is  made  up  to  four  liters  of  liquid. 
After  standing  for  twenty-four  hours  the  dialuric  acid  which 
separates  out  is  filtered  off,  quickly  washed,  pressed,  and  dried  in 
a  vacuum.^  Its  formation  is  represented  by  the  following 
equation  : 

NH~CO  NH— CO 

I  I  I  I 

CO      CO     +     SnCl^  +  2HCI     =      CO     CH.OH  +  SnCh 

II  II 
NH— CO                                                NH— CO 

Dialuric  acid  crystallizes  in  short  four-sided  prisms,  slightly 
soluble  in  cold  water,  and  oxidizing  in  the  moist  state,  on 
exposure  to  air,  quickly  to  alloxantin.  The  acid  is  mono- 
basic, ammonium  dialurate  and  potassium  dialurate  being  the 
only  two  salts  known.  These  are  anhydrous  and  difficultly 
soluble  in  cold  water.  Their  solutions  reduce  silver  nitrate  even 
in  the  cold. 

667  Alloxantin,  CgH^N^O^  +  SHgO.  We  have  seen  that  allox- 
antin is  formed  not  only  by  the  reduction  of  alloxan  but  also  by 
the  oxidation  of  dialuric  acid.  It  is  moreover  produced  when 
equal  molecules  of  dialuric  acid  and  alloxan  are  brought  together 
in  concentrated  solution,^  this  reaction  being  usually  explained 
by  the  following  equation  : 

NH— CO  CO— CO  NH-CO     CO— CO 

II  II  I  I         I         I 

CO      CH.OH    -h     NH      CO     =     CO      CH— N      CO 

II  II  I  I         I         I 

NH— CO  CO— NH  NH— CO     CO— NH 

+    H,0. 

^  Schlieper,  Ann.  CJiem.  Pharm.  Iv.  253. 
2  Ba-eyer,  Ann.  Chem.  Pharm.  cxxvii.  12. 
2  Wbhler  and  Liebig,  Ann.  Chem.  Pharm.  xxvi.  279. 
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But  in  opposition  to  this  view  the  fact  must  be  remembered 
that  when  dimethyklloxan  and  dimethyldialuric  acid,  a  re- 
duction-product of  the  first  named  body,  are  brought  together, 
anhydrous  tetramethylalloxantin,  CgH2(CH3)4N408,  is  produced. 
Hence  the  following  equation  more  probably  represents  the 
formation  of  alloxantin  : 

NH CO  CO— NH       NH CO        CO— NH 

II  I  I  I  I  I        I 

CO.HO.  C.OH  +  HO.CH    CO   =  CO  HO.C— 0— CH  CO 

II                     I         I             I  I  I        I 

NH CO  CO— NH       NH CO         CO— NH 

4-H,0. 

Crystallized    alloxantin    would,    therefore,    have    the    formula 
CsH,N,03+2H,0. 


Fig.  116. 

Its  preparation  has  already  been  described  under  alloxan.  It 
crystallizes  in  colourless  or  yellowish,  small,  oblique  rhombic 
prisms  or  tables  (Fig.  116).  Alloxantin  is  also  formed  when 
ammonium  dialurate  is  evaporated  with  an  excess  of  dilute 
sulphuric  acid,  and  the  solution  allowed  to  stand,  when  crystals 
of  another  form  separate  out,  and  for  this  reason  Liebig  and 
Wohler  believed  it  to  be  dimorphous.  According  to  Gregory, 
however,  these  crystals  are  pseudomorphs  of  dialuric  acid.^ 

Alloxantin  is  difficultly  soluble  in  water;  it  colours  litmus 
red,  but  does  not  form  salts.  It  loses  its  water  of  crystalliza- 
tion at  150°,  and  becomes  red  in  the  air  from  absorption  of 

1  Phil.  Mag.  xsiv.  188. 
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ammonia.  Baryta-water  gives  a  fine  violet-blue  precipitate, 
which  becomes  colourless  on  heating,  from  formation  of  the 
barium  salts  of  dialuric  acid  and  alloxanic  acid.  Alloxantin, 
reduces  silver  salts,  selenium  dioxide,  osmic  acid,  &c.,  and  when 
heated  with  dry  ammonia  it  is  converted  into  murexide. 

If  an  aqueous  solution  of  alloxantin  and  cyanaraide  be  boiled, 
iso-uric  acid,  CgH^N^Og,  is  obtained,  together  with  alloxan.  It 
is  a  heavy  insoluble  powder  having  a  faint  acid  reaction,  and  is 
more  easily  oxidized  than  uric  acid  itself^ 

668  Barlihiric  Acid  or  Malonyl-urea,  C^H^NgO^  4-  ^HgO,  was 
first  obtained  by  Baeyer  from  hydurilic  acid,  a  body  which  will 
be  described  hereafter.^  Barbituric  acid  is  also  formed  easily  when 
alloxantin  is  heated  on  a  water-bath  with  3  to  4  parts  of 
sulphuric  acid  until  the  evolution  of  sulphur  dioxide  ceases.^ 
It  may  also  be  synthetically  obtained  by  .heating  equal  weights 
of  malonic  acid,  urea,  and  phosphorus  oxychloride  to  100°:* 

CO.OH  NH„  CO— NH 

/  \  /         \ 

3  CH,  +    3     CO     -t-     2P0CL     =     3  CH.       CO 

\  "  /  \         / 

CO.OH  NH,  CO— NH 

+    2?0(OH)3    +     6HC1. 

Malonyl-urea  is  slightly  soluble  in  cold,  but  more  readily  in 
hot,  water.  It  has  an  acid  reaction,  and  crystallizes  in  large 
rhombic  prisms  which  are  converted  by  the  action  of  alkalis 
into  malonic  acid  and  urea,  or  products  of  decomposition  of  these. 

One  atom  of  the  hydrogen  in  barbituric  acid  may  readily  be 
substituted  by  metals.  So-called  normal  salts  are  known,  such, 
for  instance,  as  silver  barbiturate,  C^HgNgOgAgg,  a  white, 
amorphous  precipitate.  Methyl  iodide  acts  violently  upon 
this  substance  with  formation  of  dimethyl-harMturic  acid, 
C4H2N203(CH3)2,  a  body  which  is  difficultly  soluble  in  cold 
water,  but  crystallizes  from  hot  solution  in  glistening  tablets. 
The  fused  mass  boils  at  265°,  but  the  crystals  melt  at  a 
much  lower  temperature.  When  this  is  decomposed  by 
caustic  potash  malonic  acid  is  not  formed  as  might  have 
been  expected,  but  dimethyl-malonic  acid  (p.  256).  Hence 
it  appears  that  in  barbituric  acid  the  hydrogen  atoms  con- 
nected with  carbon  can  be  replaced  by  a  metal.  Dimethyl- 
barbituric  acid  has  a  faint  acid  reaction.      When   neutralized 

1  Mulder,  Ber.  Deutsch.  Chem   Ges.  vi.  1236  ;  vii.  1633. 

^  Ann.  Cliem.  Pharm.  cxxx.  136  ^  Finck,  ih.  cxxxii.  304, 

*  Grimaux,  Bull.  Soc.  Chir<i.  xxxi.  146, 
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with  ammonia  and  silver  nitrate  added,  the  hydrogen  atoms 
which  are  combined  with  the  nitrogen  can  also  be  replaced  by  a 
metal.  Dimethyl-barbituric  acid  is  also  formed  when  dimethyl- 
malonic  acid  and  urea  are  heated  with  phosphorus  oxychloride.^ 
Malonyl  Dimethyl-urea  is  a  body  isomeric  with  dimethyl- 
barbituric  acid.  It  is  obtained  by  the  action  of  a  mixture  of 
malonyl  chloride  and  phosphorus  oxychloride  on  dimethyl  urea, 
and  crystallizes  in  flat  needles  melting  at  123'',  volatilizing  without 
decomposition,  and  dissolving  easily  in  water.^  The  following 
formulae  explain  the  isomerism  of  these  two  compounds  : 


Dimethyl-malonyl  Urea. 
(Dime thy  1-barbituic  acid.) 

Malonyl  Dimethyl-i: 

CO— NH 

CO— NCH, 

/       \ 

CCCH,)^  CO 

\       / 

CO— NH. 

/         \ 
CH2      CO 

CO— NCH,. 

669  Dialuramide  or  Amido-malonyl-urea,  C4H5N5O3,  was  first 
obtained  by  Prout  as  a  product  of  the  decompositon  of  purpurate 
of  ammonia  (murexide)  by  acids,  and  termed  by  him  purpuric 
acid?  This  name,  which  gives  a  false  idea  of  the  nature  of  the 
body,  was  changed  by  Liebig  and  Wohler  to  murexan.^  By 
boiling  alloxantin  with  sal-ammoniac  solution,  or  by  boiling 
thionuric  acid  with  water,  they  obtained  a  compound  which 
they  termed  uramil?  Beilstein  found  that  this  body  is 
identical  with  murexan,®  and  Baeyer  ascertained  its  constitution 
inasmuch  as  he  obtained  it  by  the  reduction  of  nitroso-  and  nitro- 
malonyl  urea.  Its  formation  from  alloxantin  may  be  rendered 
clear  by  the  following  equation  : 

NH— CO  CO NH 

II  II 

CO     CH— 0— C.OH    CO  +NH,C[    - 

II                II 
NH— CO  CO NH 

NH-CO  CO NH 

CO    CH.NIL        +        C(0H)2C0  +  HC1 

II  II 

NH— CO  CO— NH 

1  Conrad  and  Gutzeit,  Bei\  Deutsche  Chem.   Ges.   xiv.  1643  ;  Thome,  Joum, 
Chem.  Soc.  1881,  i.  543. 
^  Mulder,  Ber,  Deutsche  Chem.  Ges.  xii.  465. 

3  PhiL  Trans.  1818,  420.  Ann.  Chem.  Pharm.  xxvi.  327. 

*  lb.  274,  310,  323.  ^  Ih.  evil.  176. 
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It  forms  silky  needles  insoluble  in  cold,  but  slightly  soluble  in 

hot,  water. 

Pseitdo-Uric  Acid,  C^HgN^O^.     When  dialuramide  is  boiled 

wi.th  a  solution  of  potassium  cyanate  the  potassium  salt  of  this 

acid  is  formed.^     The  ammonium  salt  is  obtained  by  heating 

dialuramide  with  urea  to  180°.^     Hydrochloric  acid  precipitates 

the  acid  from  solutions  of  its  salts  as  a  powder  consisting  of 

small  prismatic   crystals,  which   are  difficultly  soluble   in  hot 

water,  dissolve  readily  in  alkaUs,  but  are  decomposed  by  bromine 

or  nitric  acid  into  alloxan  and  urea,  whilst  on  boiling  with  water 

and   lead   dioxide,   carbon   dioxide,  oxalic   acid,    oxaluric  acid 

(p.  319),  and  urea  are  formed.     Pseudo-uric  acid  is  monobasic, 

and  its  constitution  is  probably  represented  by  the  following 

formula : 

HN— GO 

I        I 
CO   CH— NH— CO— NH,. 

I        I 
HN— CO 

TJhionitric  Acid  or  Stdjohctminharhituric  Acid,  C^H^NgSO^,. 
This  substance  was  obtained  by  Liebig  and  Wohler  by  mixing 
ammonium  sulphite  with  an  excess  of  ammonium  carbonate,  and 
adding  to  this  a  solution  of  alloxan,  slowly  heating  to  the  boiling 
point,  and  allo\ving  it  to  boil  for  half  an  hour :  ^ 


HN— CO  HN— CO 


NH, 


CO  CO     +     so.    +    NHo    =    CO  C< 
II  II  ^S03H 

HN— CO  HN— CO 

On  cooling,  the  ammonium  salt  crystallizes  out  in  glistening, 
four-sided  tables.  Acetate  of  lead  throws  down  from  this 
solution  the  corresponding  lead  salt,  and  this  yields  the  acid  when 
decomposed  by  sulphuretted  hydrogen,  Thionuric  acid  forms  an 
indistinctly  crystalline  mass,  which  is  not  deliquescent,  has  a 
strongly  acid  reaction  and  taste,  and  acts  as  a  dibasic  acid. 

670  Violuric  Acid  or  jyitrcso-harhihtriG ,  Acid^  C4H3N3O4. 
Baeyer  obtained  this  acid,  together  with  alloxan,  by  acting  with 
nitrous  acid  or  dilute  nitric  acid  on  hydurilic  acid.    Its  potassium 

'  Baeyer,  Ann.  Chevt.  Pharm,  cxxviil  3 
^  Grimaux,  Bull!  Soc.  Chim.  xxxi.  635. 
*  An7i.  Chem.  Fluxrvi.  xxvi.  268. 
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salt  is  formed  when  a  solution  of  hydurilic  or  of  barbituric  acid 
is  treated  with  potassium  nitrite  :  ^ 

.CO-NH  .GO— NH 

CH3         \C0  -I-  KO.NO  =  CK(NO)  ^CO    4-    Kfi. 

\C0— NH  \C0— NH 

The  acid  is  tolerably  soluble  in  cold  water,  readily  so  in  liot 
water  and  in  alcohol,  and  crystallizes  in  glistening  rhombic 
pyramids  containing  one  molecule  of  water  which  is  driven  off 
at  100°.  Its  solution  decomposes  on  heating  above  60°,  and 
when  treated  with  bleaching  powder  yields  chlorpicrin.  Am- 
monium sulphite  converts  it  into  thionuric  acid,  and  when  heated 
with  potash  it  decomposes  into  nitroso,  malonic  acid,  carbon 
dioxide,  and  ammonia,  whilst  in  contact  with  hydriodic  acid 
or  sulphuretted  hydrogen  it  yields  dialuramide.  Violuric  acid 
is  monobasic,  and  decomposes  the  acetates.  Its  salts  are 
characterized  by  their  splendid  and  varying  colours. 

Potassium  "F^'o/'itra^^,  C4H2N30^K  + 211^0,  crystallizes  in  deep 
blue  scales  or  prisms,  which  are  mure  soluble  in  hot  than  in  cold 
water,  yielding  a  violet-blue  coloured  solution.  When  thrown 
into  hot  concentrated  hydrochloric  acid,  colourless  prisms  of  the 
compound,  2(C4H3lSr30^,KCl)  +HC1  +  QB.fi,  separate  out.  These, 
when  treated  with  potassium  acetate,  are  converted  into  the 
ordinary  salt. 

Barium  Viohtrnte^  (Gfl^fi^^di.-^'^B.fi,  yields  glistening  red 
quadratic  tables,  almost  insoluble  in  cold  water. 

Magnesium  Viokcrate,  (G^HgNgOJ  ]\Lg  + BHgO,  is  also  very 
difficultly  soluble,  and  forms  oblique  purple-red  crystals. 

Ferrous  Violurate.  Violuric  acid  produces  with  ferrous  acetate 
solution  a  deep,  dark-blue  coloration,  and  on  the  addition  of 
alcohol  six-sided  tables  of  the  above  salt,  possessing  a  red 
metallic  lustre,  separate  out. 

671  Dilituric  Acid  or  Kitroharbihcric  Acidy  C4H3N3O5,  is 
formed,  together  with  alloxan,  when  hydurilic  acid  or  violurip 
acid  is  treated  with  common  nitric  acid,  or  when  barbituric 
acid  is  brought  in  contact  with  fuming  nitric  acid  :  ^ 

.CO— NH  ^CO— NH 

CH2         \C0  -h  HO.NO2  =  CH.NO2  \C0    +    HgO. 

^CO— NH  \C0— NE 

^  Ann.  Chejn.  Fharm,  cxXvii.-20;  cxxx.  140, 
2  Baeyer,  Aim,  Ohem.  Fharm.  cxxvii.  211. 
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It  crystallizes  in  square  prisms,  which  are  easily  soluble  in 
hot,  but  more  difficultly  soluble  in  cold,  water,  yielding  an  in- 
tensely yellow-coloured  solution.  Chloride  of  lime  converts  it 
into  chlorpicrin,  and  hydriodic  acid  reduces  it  to  dialuramide, 
but  sulphuretted  hydrogen  does  not  act  upon  it.  It  is  a  tribasic 
acid,  but  its  characteristic  salts  are  those  containing  one 
equivalent  of  metal.  Most  of  these  are  explosive,  but  they  are 
so  stable  that  they  are  not  decomposed  by  a  mineral  acid.  The 
barium  salt  is  not  decomposed  even  by  dilute  sulphuric  acid, 
though  precipitated  by  sulphates.  The  following  are  the  most 
characteristic  compounds. 

Monliydric  Potassium  Dilitiirate,  C^HNgOgKg.  Dilituric  acid 
dissolves  in  caustic  potash  yielding  a  citron-yellow  coloured 
solution,  and  on  adding  alcohol  to  the  hot  liquid  fine  yellow 
needles,  grouped  in  nodular  masses,  are  deposited.  This  salt 
is  insoluble  in  concentrated  caustic  potash,  and  detonates 
slightly  on  heating,  pure  potassium  cyanate  remaining  behind.  If 
concentrated  sulphuric  acid  be  added  to  it,  explosions  occur,  and 
hydrochloric  acid  converts  it  into  the  di-hydric  salt,  C^HgNgOgK, 
which  is  always  formed  when  dilituric  acid  is  brought  in  contact 
with  a  potassium  salt.  This  is  scarcely  soluble  in  cold,  and 
difficultly  soluble  in  hot,  water,  and  separates  from  dilute 
solution  in  cubes. 

Dihydric  Ammonium  Biliiurate,  C^'H.^^fi^CN'H^),  is  a  pre- 
cipitate consisting  of  microscopic  prisms,  which  are  formed  when 
dilituric  acid  is  brought  into  contact  with  ammonia  or  an  ammo- 
nium salt. 

Ferrous  Diliturate,  {Q^^^O^^q  -h  SHgO,  is  obtained  by 'the 
addition  of  dilituric  acid  to  a  solution  of  ferrous  sulphate  and 
forms  a  precipitate,  consisting  of  needles  which  have  a  faintly 
greenish  colour  and  are  very  difficultly  soluble  in  water.  They 
explode  when  heated  above  120^ 

Normal  Silver  Biliturate,  C^'Nfi^Ag^,  is  formed  when  an  ex- 
cess of  a  hot  solution  of  silver  acetate  is  mixed  with  one  of 
dilituric  acid.  It  is  a  lemon-yellow  crystalline  precipitate 
which  explodes  on  heating,  but  not  on  percussion.  If  dilituric 
acid  be  employed  in  excess,  or  if  the  acid  be  added  to  a  silver 
nitrate  solution,  the  acid  salt,  having  the  formula  G^HgNgOgAg, 
is  thrown  down.  This  is  tolerably  soluble  in  hot  water  and 
crystallizes  in  prisms. 

672  Violantin,  CgHgNgOg-h^HgO,  is  obtained  by  mixing  hot 
concentrated  solutions  of  violuric  acid  and  dilituric  acid,  which 
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then  combine  directly  together.  It  is,  therefore,  also  formed 
when  hydurilic  acid  is  warmed  with  weak  nitric  acid.  It  is 
a  yellowish-white  granular  crystalline  powder  w^hich  on  re- 
crystallization  from  water  is  again  converted  iato  its  constituents. 
On  the  other  hand,  it  can  be  recrystallized  from  glacial  acetic 
acid  or  from  dilute  alcohol,  when  only  a  partial  decomposition 
takes  place.  With  ammonia  it  yields  a  blue  colour,  and  with 
magnesium  acetate  it  forms  a  fine  blue  crystalline  precipitate, 
whilst  magnesium  violurate  is  red.  Other  salts  generally 
decompose  it  into  its  constituents.  Thus  with  potassium 
acetate  it  yields  a  precipitate  of  acid  potassium  diliturate, 
whilst,  later,  potassium  violurate  crystallizes  out.^ 

Dibrombarbituric  Acid,  C^HgBr^NgOg,  was  originally  described 
by  Baeyer  as  alloxan  bromide.  It  is  formed  by  the  action  of 
bromine  on  barbituric  acid,  nitroso-  and  nitro-barbituric  acid,  and 
hydurilic  acid,  which  at  the  same  time  also  yield  alloxan. 
It  is  difficultly  soluble  in  cold,  but  dissolves  more  readily  in  hot, 
water,  the  solution  decomposing  on  boiling  with  formation  of 
alloxan  and  a  volatile  body  which  violently  attacks  the  eyes 
and  mucous  membranes.  In  order  to  prevent  this  decomposition 
it  is  crystallized  from  dilute  nitric  acid  solution,  when  rhombic 
prisms  or  tables  are  deposited,  and  it  crystallizes  in  the  same 
form  from  a  solution  in  alcohol,  in  which  it  is  easily  soluble. 
It  fuses  on  heating  with  evolution  of  bromine  vapours  yielding 
a  liquid  which,  on  cooling,  solidifies  to  a  crystalline  mass. 
Bromine  converts  it  into  tribromacetyl-urea,  which  is  also  formed 
by  the  action  of  alkalis,  and  it  is  decomposed  on  heating  with 
formation  of  bromoform.^  When  sulphuretted  hydrogen  gas 
is  passed  for  some  time  into  a  solution  of  dibrombarbituric  acid 
heated  to  90°  it  is  converted  into  alloxantin.^ 

Monobromharbituric  Acid,  C4H3BrN203,  is  formed  by  the 
action  of  zinc  or  sodium-amalgam  and  water  on  the  foregoing 
compound,  and  is  also  produced  by  the  action  of  hydrocyanic 
acid,  which  in  the  anhydrous  condition  dissolves  the  dibroni-acid 
without  alteration,  but  when  diluted  acts  upon  it  as  follows : 

CO— NH  CO— NH 

CBr,         CO     +     HON     -     CHBr      CO     +     BrCK 

\  /  \  / 

CO— NH  CO— NH 

^  Baeyer,  Ann.  Chenu  Tlmrm,  cxxvii.  223. 

2  Ih.  cxxvii.  229  ;  cxxx.  130. 

8  Grinaaux,  BulLSoc,  Chim  xxxi.  146, 

184 
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It  forms  crystalline  crusts  consisting  of  small  needles,  is  difficultly 
soluble  in  cold  water,  and  is  a  monobasic  acid  which  decomposes 
the  acetates.-*- 

673  Hydurilic  Acid,  CgHgN^Og.  This  compound,  which  has 
been  often  mentioned  in  the  foregoing  pages,  can  be  prepared  in  a 
variety  of  ways.  Schlieper  was  the  first  to  prepare  the  acid  am- 
monium salt,  together  with  alloxan,  by  the  action  of  dilute  nitric 
acid  or  uric  acid.^  It  is  also  formed  when  alloxan  or  alloxantinis 
heated  for  some  time  with  very  dilute  sulphuric  acid,^  or  when 
dialuric  acid  is  heated  with  glycerin  to  a  temperature  of 
140° — 150°.  The  glycerin  acts  here  merely  as  a  solvent,  and  two 
reactions  occur  at  the  same  time,  inasmuch  as  four  molecules 
of  dialuric  acid  are  converted  into  hydurilic  acid  and  a  fifth 
into  formic  acid,  carbon  dioxide,  and  ammonia  :  * 

(1)  4C,H,N,0,  =  2C3H,N,0,  +  2H,0  +  O,, 

(2)  C^H.N^O^  4-  2H2O  +  O2  =  3CO2  +  CH2O2  +  2NH3. 

Hydurilic  acid  is  also  formed,  together  with  glycocoll  and 
carbon  dioxide,  when  uric  acid  is  heated  to  110° — 130°  with 
sulphuric  acid.^ 

It  is,  however,  best  obtained  when  hydrated  alloxan  tin  is 
heated  to  170°  in  a  heated  tube  : 

2C8H4N,07  +  6H2O  =  CgHgN^Og  +  4NH3  + 
C2H2O,  +  2C0  +  400^. 

When  heated  in  an  open  vessel  the  same  reaction  occurs,  but 
the  oxalic  acid  is  converted  into  carbon  monoxide,  carbon  dioxide, 
and  water.  Alloxan  can  also  be  converted  in  this  way  into 
hydurilic  acid,  but  only  in  closed  vessels,  as  otherwise  the 
water  necessary  for  the  reaction  escapes.^  It  is  also  formed 
together  with  barbituric  acid  when  dibrombituric  acid  is  treated 
with  hydriodic  acid. 

Hydurilic  acid  is  very  difficultly  soluble  in  cold,  but  dissolves 
somewhat  more  readily  in  hot,  water,  crystallizing  in  small 
four-sided  prisms  containing  two  molecules  of  water,  "When 
liydrochloric  acid  is  added  to  the  hot  solution  a  crystalline 
powder  is  thrown  down,  consisting  of  small  rhombic  tables  which 

^  Baeyer,  Ann.  Chem.  Pharm.  cxxx.  134. 

2  Ann.  Chem.  Pharm.  Ivi.  11.  =*  Fiiick,  Ih.  cxxiii.  303. 

*  Baeyer,  Jb.  cxxvii.  14, 

^  Schultzen  and  Filehne,  Per.  Deutsch.  Chem.  Ges.  i.  150. 

®  Murdoch  and  Dobner,  lb.  ix.  1102. 
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contain  one  molecule  of  water.  Hydrochloric  acid  precipitates 
hydurilic  acid  from  alkaline  solutions  in  the  form  of  a  chalk -like 
amorphous  powder  which,  when  allowed  to  stand  with  hot  water 
or  hot  hydrochloric  acid,  soon  becomes  crystalline.  It  is  a  strong 
dibasic  acid  decomposing  most  of  the  metallic  chlorides  with 
formation  of  acid  salts,  whilst  acetates,  with  the  exception 
of  potassium  and  ammonium  acetates,  are  decomposed  by  it 
with  formation  of  the  normal  salts.  A  characteristic  reaction  of 
this  acid  and  its  salts  is  the  property  which  they  possess  of 
colouring  ferric  chloride  a  splendid  green,  which  on  heating  is 
converted  into  a  red,  and  is  destroyed  by  alkalis  or  strong  acids. 
The  decompositions  of  hydurilic  acid  which  have  been  described 
in  the  preceding  pages  render  it  probable  that  it  possesses  the 
following  constitution : 

HN— CO  CO— CH2 

/         K  /         \ 

CO        CH— N  CO 

\       /  \         / 

HN— CO  CO— NH 

674  Ptcrpuric  Acid,  CgHgN^Og.  Prout,  in  his  investigation  on 
the  "  pathology  of  urine,"  examined  the  purple-red  substance 
obtained  by  evaporating  uric  acid  with  nitric  acid,  and  he 
found  that,  When  the  solution  is  neutralized  with  ammonia 
and  slowly  evaporated,  a  granular,  dark-red,  crystalline  mass 
is  obtained,  reflecting  light  with  a  purple  colour.  To  this  he 
gave  the  name  of  purpurate  of  ammonia,  and  he  prepared  other 
purpurates  by  double  decomposition  with  metallic  salts.  By 
the  action  of  an  acid  he  obtained  from  these  a  colourless 
compound  which  he  considered  to  be  free  purpuric  acid.^ 
Wohler  and  Liebig  then  showed  that  this  body,  which  they 
termed  murexan,  is  not  the  only  product  of  the  decomposition, 
and  that  it  does  not  give  any  dark  red  salts  with  bases.  They 
considered,  therefore,  that  purpurate  of  ammonia  is  an  amide 
having  a  complicated  composition,  and  they  termed  it  Tmtrexide 
(from  murex,  the  shell  from  which  the  purple-tyrian  dye  is 
said  to  have  been  obtained). ^  Soon  afterward  a  memoir  by 
Fritzsche  appeared,  in  which  he  defended  Prout's  view,  and 
gave  the  results  of  a  more  complete  investigation  of  the  pur- 
purates, proposing  for  murexide   or   purpurate  of  ammonia  a 

1  Phil.  Trans,  1818,  420.  ^    ,         ^  ^^ 

"  Ann.  Chem.  Pharm.  xxvi.  319.     See  also  SchUnck  "On  the  Purple  of  the 
Ancients,*'  Chem,  Soc.  Jcmrn.  xxxv.  589. 
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formula  different  from  that  which  Wijhler  and  Liebig  gave  as 
the  correct  one.^  Liebig,  however,  did  not  agree  with  these 
views,^  so  that  Gmehn,  who  was  then  writing  this  portion  of 
his  Handbook,  undertook  the  examination  of  these  contradictory 
statements,  and  endeavoured  from  analysis  to  obtain  a  formula 
which  should  explain  the  formation  and  decompositions  of  mur- 
exide.  According  to  the  view  which  he  held  to  be  the  most 
probable,  murexide  should  be  formed  by  the  action  of  ammonia 
on  alloxantin,  and  experiment  verified  this  prediction  :  ^ 

CgH.N.O,  +  2NH3  =  CeH.NgO,  +  H,0. 

This  formula,  as  well  as  the  view  that  murexide  is  the  am- 
monium salt  of  purpuric  acid,  then  became  generally  adopted, 
and  this  has  been  since  verified  by  the  investigations  of 
Beilstein,  who  has  shown,  moreover,  that  when  a  purpurate  is 
treated  with  an  acid,  the  purpuric  acid  which  is  liberated  is  at 
once  converted  into  dialuramide  and  alloxan  :* 

CgH^Np^  +  H,0  =  C,H,N303  +  C,H,N,0,. 

Purpuric  acid  chiefly  forms  acid  salts  (Beilstein). 

675  Acid  Ammonium  P'urjnirate,  or  Murexide,  CgH-J^ifi^Q^Jl^) 
+  H2O.  In  addition  to  the  methods  which  have  already  been 
described,  this  body  can  also  be  obtained  when  a  solution  of 
alloxan  and  alloxantin  is  treated  with  ammonia  (Liebig  and 
Wohler).  In  order  to  prepare  it  in  this  way,  4  parts  of 
alloxantin  and  7  parts  of  alloxan  containing  4  molecules  of 
crystallization-water  are  dissolved  in  240  parts  of  hot  water,  and 
80  parts  of  a  cold  saturated  solution  of  ammonium  carbonate 
added. ^  It  is  also  formed  when  an  ammoniacal  solution  of 
dialuramide  is  exposed  to  the  air  or  heated  with  mercuric 
oxide  : 

2C,H,N303  +  HgO  =  CeHgN.O,  +  H,0  +  Hg. 

Or,  according  to  Beilstein,  4  parts  of  dialuramide  and  3  parts 
of  mercuric  oxide  are  boiled  with  a  sufficient  quantity  of  water 
and  some  ammonia. 

Murexide  crystallizes  in  four-sided  prisms,  the  faces  of 
which  possess  a  splendid  green  metallic  lustre  like  that  of  the 
wing-cases  of  the  rose-beetle  and  other  insects.     By  transmitted 

^  Journ.  PraTct.  Chem.  xvi.  380  ;  xvii.  42. 

^  Ann.  Chevi.  Pharm.  xxxiii.  120.  ^  Handbooh,  a.  195. 

*  Ann,  Chem.  Pharm,  cvii.  176.  ^  Liebig,  Organ.  Chem.  232. 
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light  they  appear  of  a  garnet-red  colour,  and  when  pulverized 
yield  a  red  powder  which,  when  rubbed,  exhibits  a  bright  green 
metallic  reflection.  It  dissolves  with  difficulty  in  cold,  but  more 
easily  in  hot,  water,  yielding  a  purple-red  coloured  solution, 
and  is  insoluble  in  alcohol  and  ether. 

About  twenty-five  years  ago  murexide  was  used  in  dyeing 
and  calico-printing  works  in  such  quantity  that  the  factory 
of  Mr.  Eumney  in  Manchester  turned  out  12  cwt.  per  week,  for 
which  quantity  twelve  tons  of  guano  was  required.  The  manu- 
facture of  murexide  was,  however,  only  a  shortlived  one,  inas- 
much as  it  was  soon  supplanted  by  the  cheaper  and  equally 
brilliant  coal-tar  colours. 

Acid  Potassium  Purpitrate,  CgH^NgOgK,  is  obtained  by  de- 
composing murexide  with  nitre,  or  by  exposing  a  solution  of 
dialuramide  in  cold  caustic  potash  to  the  air.  It  is  very 
similar  to  murexide.  Its  solution,  as  well  as  that  of  murexide, 
is  coloured  deep  blue  by  caustic  potash,  and  alcohol  precipitates 
a  thick  blue  liquid  which  is  probably  the  normal  salt. 

Acid  Silver  Furjm^^ate,  2C^'H.^l>lfiQAg  -f  SHgO.  On  adding 
silver  nitrate  to  a  solution  of  murexide  acidified  with  nitric 
acid,  this  salt  is  thrown  down  as  a  light  purple-red  powder. 
The  normal  salt,  Cf^HgN^Of-Agg,  which  was  obtained  accidentally 
by  Beilstein  by  precipitating  a  cold  saturated  solution  of 
murexide  with  a  neutral  solution  of  silver  nitrate,  is  a  fine 
brownish-red  powder. 

The  calcium  and  barium  salts  are  dark-green  crystalline  pre- 
cipitates, dissolving  but  slightly  in  water,  and  yielding  a  purple- 
coloured  solution.  Lead  acetate  gives  a  red  precipitate  with 
murexide  solution,  and  corrosive  sublimate  a  blood-red,  and 
mercurous  nitrate  a  violet  precipitate.  These  reactions  were 
used  in  calico-printing  to  fix  the  murexide  colour,  and  the  violet 
tints  were  obtained  by  fixing  the  colour  on  the  cloth  with 
corrosive  sublimate  in  a  bath  which  contained  oxalic  acid  and 
sodium  acetate,  when  a  reduction  occurred  (Beilstein). 


PARABANIC    GROUP. 

676  Farccbanic  Acid,  or  Oxalyl  Urea,  CgHgNgOg,  was  first 
obtained  by  Liebig  and  Wohler,  by  acting  with  tolerably  con- 
centrated hot  nitric  acid  on  uric  acid.^     It  is  also  formed  when 

^  Ann.  Chem.  Pharm.  xxvi.  285. 
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uric  acid  is  warmed  with  hydrochloric  acid  and  potassium  chlorate/ 
or  boiled  with  manganese  dioxide  and  dilute  sulphuric  acid.^ 

Parabanic  acid  is  likewise  produced  when  bromine  and  water 
act  upon  uric  acid ;  ^  the  acid  in  all  these  cases  being  an 
oxidation-product  of  alloxan,  which  is  first  formed.  It  may  be 
synthetically  produced  by  the  action  of  phosphorus  oxychloride 
on  a  mixture  of  oxalic  acid  and  urea  :  * 


CO.OH 

NH^ 

CO— NH 

+ 

)co  = 

^CO    +    2H2O, 

CO.OH 

NH, 

CO— NH 

In  order  to  prepare  it,  1  part  of  uric  acid  is  added,  in  small 
portions  at  a  time,  to  3  parts  of  nitric  acid  of  specific  gravity  1*30 
heated  to  70°.  The  solution  is  first  concentrated  over  the  lamp, 
and  then  evaporated  to  dryness  on  the  water-bath,  and  the  residue 
is  recrystallized  from  water.^  It  is  also  easily  obtained  by 
pouring  a  small  quantity  of  water  on  to  uric  acid  and  adding  an 
excess  of  bromine.^  It  crystallizes  in  flat,  transparent,  mono- 
clinic  prisms  or  needles  (see  Fig.  117),  which  dissolve  at  8°  in 
21*2  parts  of  water,  and  have  a  strongly  acid  taste. 

When  one  part  of  pure  uric  acid  is  slowly  added  to  3  parts  of 
nitric  acid  heated  to  60°,  the  temperature  kept  at  35° — 55°,  and 
at  last  the  liquid  heated  to  70°,  large  crystals,  having  the  com- 
position CgHgNgOg  H-  HgO,  separate  out  on  warming  the  solution. 
These  dissolve  at  8°  in  7'4  parts  of  water,  and  between  150° — 
160°  lose  their  water  of  crystallization  and  then  crystalhze  from 
solution  in  water  in  the  anhydrous  condition.  This  hydrate 
probably  possesses  the  following  constitution  :  ^ 

CO NH 

I  Z^^' 

C(OH),-NH 

Parabanic  acid  is  dibasic,  although  it  has  a  tendency  to  form 
acid  salts.  Those  of  the  alkali-metals  are  very  unstable,  and 
are  easily  converted  into  the  salts  of  oxaluric  acid  (p.  319).  The 
normal  silver  salt,  having  the  composition  CgAggNgOg-fHgO, 

^  Gerhardt  and  Laurent,  Ann.  Ckim.  Phys.  [3],  xxiv.  175. 

2  "Wheeler,  Zeitsch.  Chem.  1866.  746. 

3  Hardy,  Jahresb.  1864,  631. 

*  Ponomarew,  Bull.  Soc,  Chim.  xviii.  97. 

^  Menschutkin,  Ann.  Chem.  FJiarm.  clxxii.  74. 

^  Magnier,  £i(,ll.  Soc.  Chim.  xxii.  56. 

7  Tollens  and  Wagner,  Ann.  CJiem.  Pharm.  clsvi.  321 ;  Tollens,  ib,  clxxv.  227. 
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IS  very  characteristic,  being  obtained  as  a  crystalline  precipitate 
by  adding  silver  nitrate  to  a  solution  of  the  acid. 

Oxalyl-dmretde,  C^HgN^O^,  is  a  slightly  soluble  powder,  ob- 
tained by  heating  parabanic  acid  with  urea.  Hence  it  possesses 
the  following  constitution  :  ^ 


CO- 

I 

co- 


-NH. 


co.isra 


-NH— CO— NH. 


677  Methyl-parabanic  Acid,  C3H(CH^)N203,  was  first  obtained 
from  creatinine,  which  is  converted  by  nitrous  acid  into  the  base 


Fig.  117. 


C^HgN^Og;  and  this,  when  heated  with  hydrochloric  acid,  de- 
composes into  ammonia  and  methyl-parabanic  acid.^  This  latter 
compound  is  also  formed  by  the  oxidation  of  methyl-uric  acid 
with  nitric  acid.^  It  crystaUizes  from  hot  water  in  glistening 
needles  or  prisms,  which  melt  at  149°'5,  and  its  solution  has  a 
feeble  acid  reaction.  Alkali  decomposes  it  into  oxahc  acid  and 
methyl-urea. 

^  Grimaux,  Btcll  Soc.  Ohim.  xxxii.  120. 
_  2  Dessaignes,  Ann.  Chem,  Pharm.  xcvii.  342  ;  Strecker,  ih.  cxviii.  164  ;  Marcker, 
ih.  cxxxiii.  315. 

^  Hill,  Ber,  Deutsch.  Cliem.  Geo,  ix.  1093. 
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MethyUliioparahanic  Acid,  C.^(GY{.^)1^^^0<^.  If  cyanogen 
gas  be  passed  into  an  alcoholic  solution  of  methvl-thio-urea,  a 
crystalline  compound  is  formed,  which,  on  evaporation,  passes 
into  the  above  compound,  the  following  reaction  occurring : 

/N(CH3)H      CN  /N(CH3)— C-NH 

(1)  CS  +  I      =  CS  I 

\NH,  CN  \NH C=NH. 

/N(CH.)— C  =  NH  /N(CH3).C0 

(2)  CS  +2H2O  +  2HC1  =  CS  I 

\NH-C  =  NH  \NH CO 

4  2NH4CI. 

Methyl-thioparabanic  acid  crystallizes  in  very  thin,  bright 
green  scales,  which  melt  at  105°,  and  possess  an  acid  reaction. 
When  its  aqueous  solution  is  heated  with  silver  nitrate,  it  is 
converted  into  methyl-parabanic  acid.-'- 

678  Dimdhj/l-parabaiiic  Acid,  C3(CH3)2N203,  was  obtained  by 
Stenhouse  by  boiling  caffeine  with  nitric  acid,  and  was  described 
by  him  as  nitro-thc'ineJ  Rochleder  afterwards  prepared  it  by  the 
action  of  chlorine  and  water  on  caffeine,  and  he  termed  it 
cJiolestrojohane ;  ^  and  Strecker  obtained  it  by  heating  methyl 
iodide  with  silver  parabanate.*  It  is  best  prepared  by  oxidizing 
caffeine  with  chromic  acid  solution.^  It  crystallizes  in  pearly 
laminae,  which  are  difficultly  soluble  in  cold  water  and  alcohol, 
and  melt  at  145°'5  and  boil  at  275° — 277°.**  It  is  easily  decom- 
posed by  alkalis  into  dimethyl-urea  and  oxalic  acid,  and  when 
heated  with  hydrochloric  acid  to  200°  it  decomposes  into 
methylamine,  carbon  dioxide,  and  oxalic  acid."^ 

DviiietJiyl-thiopardbanic  Acid,  C3(CH3)2N2S02,  is  obtained 
from  dimethyl-thio-urea  in  a  similar  manner  to  the  monomethyl 
compound.  It  crystalhzes  in  six-sided  scales,  having  a  colour 
like  that  of  yellow  chromate  of  potash.  These  melt  at  112°"5, 
are  slightly  soluble  in  cold,  but  dissolve  more  readily  in  hot, 
water,  and  have  a  neutral  reaction.  When  heated  with  silver 
nitrate,  the  solution  is  converted  into  dimethyl-parabanic  acid. 

Reactions  for  the  Parabanic  Acids.  All  these  acids  can  be 
recognized  by  the  following  reaction.     To  the  aqueous  solution 

^  Andreasch,  Ber.  Dcutsch.  Chem.  Ges.  si  v.  1447. 

2  Chem.  J^oc.  Mem,  i.  215,  237.  ^  Ann.  Chem.  Pharm,  Ixxiii.  57. 

*  Jb.  cxviii.  174.  ^  Maly  and  Hinteregger,  Monatj.  Chem.  ii.  88. 

^  Menschutkin,  Ann.  Chem*  Phar7n.  clxxviii.  202. 

^  Calem,  Ber.  Dcutsch.  Chem.  Gcs.  xii.  624. 
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calcium    chloride    and    ammonia    are    added    and    the    liquid 
warmed,  when  calcium  oxalate  separates  out  (Andreasch). 

Oxalantin,  C^jH^N^Og  +  HgO,  was  first  prepared  by  Schlieper, 
in  small  quantities  together  with  allanturic  acid  by  boiling 
alloxantic  acid  for  some  time  with  water,  and  was  termed  by 
him  leucoturic  acid.^  Its  zinc  salt  is  formed  by  treating  para- 
banic  acid  with  zinc  and  hydrochloric  acid  in  the  cold ;  ^  it  is 
difficultly  soluble,  and  is  easily  decomposed  by  sulphuretted 
hydrogen.  Oxalantin  thus  obtained  forms  a  hard  crystalline 
crust  difficultly  soluble  in  water,  and  has  a  faint  acid  reaction. 
Boiling  nitric  acid  is  without  action  upon  this  body ;  it  reduces 
metallic  silver  from  an  ammoniacal  silver  solution,  whilst  alkalis 
decompose  it  easily  into  ammonia  and  oxaluric  acid. 

679  OccahcTic  Acid,  CgH^N^O^,  is  easily  formed  when  parabanic 
acid  is  heated  to  boiling  with  aqueous  ammonia  (Liebig  and 
Wohler).  On  cooling,  ammonium  oxalurate  separates  out  in 
glistening,  silky  needles.  This  salt  is  also  found  in  small  quan- 
tities in  human  urine.^  When  dissolved  in  a  small  quantity 
of  warm  water,  and  hydrochloric  acid  added,  and  the  whole 
quickly  cool  ed,  oxaluric  acid  separates  out  as  a  crystalline 
powder,  which  is  very  difficultly  soluble  in  cold  water,  and  has 
an  acid  taste.  When  a  solution  of  alloxan  is  treated  with 
hydrocyanic  acid,  and  potassium  carbonate  added,  oxaluric  acid, 
together  with  dialuric  acid  and  carbon  dioxide,  is  formed.^  If 
oxaluric  acid  be  boiled  for  some  time  with  water,  it  is  converted 
into  the  acid  oxalate  of  urea,  whence  its  name  : 


CO.OH 

NH^ 

CO.OH 

KE, 

1 

1          +    H,0     = 

= 

1 

CO— NH- 

-CO 

CO.O.NH3- 

-CO. 

When  heated  with  phosphorus  oxychloride,  it  is  reconverted 
into  parabanic  acid.^  It  is  monobasic,  and  its  salts  have  been 
carefully  examined  by  Waage,® 

Mhyl  Oxahtrate,  C3H3N204(C2H5),  was  obtained  by  Henry 
by  acting  with  ethyl  oxalyl  chloride  on  urea.^  Grimaux 
obtained  it  from  silver  oxalurate  and  ethyl  iodide.®  It  is  almost 
insoluble  in  cold  water,  and  crystallizes  from  warm  water  in 

1  Ann.  Chem.  Fkarm.  Ivi.  2.  ^  Limpricht,  ib.  cxi.  134. 

^  Schunck,  Proc.  Hoy.  Soc.  xv.  258. 

*  Strecker,  Ann.  Chem.  Fharm.  cxiii.  53. 

^  Grimaux,  Ann.  Ghim.  Phys.  [5],  xi.  367. 

*  Ann.  Chem.  Pharm.  cxviii.  301. 

''  Ber.  Deutsche  Cliem.  Ges.  iv.  644.  ^  Bull.  Soc.  Chim.  xxi.  157. 
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thin,  silky  needles.  If  a  few  drops  of  ammonia  be  added  to 
the  hot  solution,  and  then  silver  nitrate  added,  a  precipitate  of 
silver  parabanate  is  formed.^ 

Oxaluramide,  or  Oxalan,  CgH^NgOg,  is  formed,  together  with 
carbon  dioxide  and  dialuric  acid,  when  a  solution  of  alloxan  is 
treated  with  hydrocyanic  acid  and  ammonia  :  ^ 

/CO— NHi  CO NH 


C        CO 


NH,    +    H,0     =  CH.OHCO     + 


\C0— NH/  CO NH 


CO.NII2      NH2 


CO— NH— CO 


4     CO,. 


This  reaction  corresponds  to  the  formation  of  dialuric  acid 
from  alloxan.  In  both  cases  the  hydrocyanic  acid  remains 
unchanged. 

Oxaluramide  is  also  formed  when  urea  is  fused  with  ethyl 
oxamate  (p.  120),^  or  when  ethyl  oxalurate  is  heated  with 
alcoholic  ammonia  (Salomon).  It  is  a  crystalline  powder  which 
is  insoluble  in  cold  water  and  when  boiled  with  water  it  is 
converted  into  ammonium  oxalurate.  It  dissolves  in  concen- 
trated sulphuric  acid  without  change,  and  is  again  precipitated 
from  solution  by  water. 


680  The  following  compounds,  though  not  derivatives  of  uric 
acid,  may  be  conveniently  described  here. 

Methyl  Succinyl  Urea,  CgHgNgOg.  Methyl  carbimide  com- 
bines violently  with  succinimide  to  form  this  compound : 

/CO.CH,  /N(CH,)— CO— CH, 

C0=:N(CH3)     +     HN         I  =    CO  | 

\CO.CH2  \NH — -CO— CHg. 

It  forms  rhombic  tablets  which    melt  at  147° — 148°,  and  are 
slightly  soluble  in  cold  water  and  alcohol. 

The  corresponding  ethyl  compound  is  a  similar  body  melting 
at  94° — 95°,  easily  soluble  in  water  and  alcohol,  and  decomposing, 
when  heated  from  150° — 160°  again  into  ethyl  carbimide  and 
succinimide.* 

^  Salomon,  Ber.  Dcutsch.  Chem.  Gfes.  ix.  374. 

2  Schisclikow  and  Roesiiig,  Ann.  Chem.  Pharm.  cvi.  255  j  Strecker,  ih.  cxiii.  48. 

^  Carstanjen,  Journ.  Frakt.  Chr.m,.  [2],  ix.  143. 

*  Menschutkin,  Ann.  Chem.  Phm^m.  clxxviii.  204. 
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Succinuric  Acid,  CgHgNgO^,  is  formed  by  heating  urea  with 
succinic  anhydride  : 


CHo-CO  NH,  CH,.CO- — NH 


.g.ww  ^_— 2  ^^^2- 


\o  +    \co 


^GO. 


CH2.CO  NH2  CH2.CO.OH     ISIHg. 

It  is  a  monobasic  acid,  almost  insoluble  in  cold  water,  and 
crystallizing  from  hot  water  in  scales.* 

Succinyl  Dicarbamide,  C2H4(CO.NH.CO.NH2)2,  is  obtained 
by  heating  two  molecules  of  urea  with  rather  more  than  one 
molecule  of  succinyl  chloride;  It  is  a  powder,  difficultly  soluble 
in  hot  water  and  almost  insoluble  in  alcohol.^ 

Amidosuccimoric  Acid,  C5H9N3O4,  is  formed  by  evaporating  a 
solution  of  asparagin  and  potassium  cyanate  and  treating  the 
residue  with  hydrochloric  acid  : 

CO.NH,  CO.NH2 

/  / 

CH2  CH^ 

I  +    HCON     -      I 

CH.NH.  CH.NH.C0,NH2. 

\  \ 

CO.OH  CO.OH 

It  is  almost  insoluble  in  alcohol,  and  crystallizes  from  water 
in  hard  prisms.^ 

Ifalyl  Ure'ide,  C5H7N3O3,  is  formed  by  heating  asparagin  with 
urea  to  125" — 130°.  It  crystallizes  from  hot  water  in  oblique 
rhombohedrons.*     Its  constitution  is  probably  : 

CO.NH. 

i         >ch.ch2.co.nh2. 
nh.cq/ 

When  this  body  or  amidosaccinuric  acid  is  boiled  with  hydro- 
chloric acid,  malyl  iireldic  acid,  C^^fi^,  is  formed.  This  is 
also  formed  by  heating  aspartic  acid  with  urea.^  It  is  easily 
soluble  in  water,  and  crystallizes  in  prisms. 

^  Pike,  Ber.  Deutsch.  Chem.  Ges.  vi.  1104. 

2  Conrad,  Journ.  Prakt.  Chem.  [2],  ix.  301. 

3  Guareschi,  Ber.  Dmtsch.  Chem.  Ges.  x.  1747. 
*  Grimaux,  Ann.  Ckiyn.  Phys.  [5],  xi.  400. 

^  Guareschi,  Ber.  Deutsche  Chem.  Ges.  ix.  1435. 
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ALLANTOIN    GROUP. 

68i  Allanto'in,  C^HgN^Og.  This  compound  was  discovered  by 
Vauquelia  and  Euniva  in  the  amniotic  liquid  of  the  cow,  and 
termed  by  them  amniotic  acid.^  Neither  Dzondi  nor  Prout 
could  obtain  it,  and  then  Lassaigne  showed  that  it  is  contained 
not  in  the  amniotic,  but  in  the  allantoic,  liquid,  which  latter 
fluid  was  mixed  with  the  amniotic  fluid  examined  by  the  first- 
named  chemists,  and  he  termed  the  body  acide  allanto'ique,^ 
It  was  first  artificially  prepared  and  carefully  investigated  by 
Liebig  and  Wohler,  and,  as  Gmelin  had  already  shown  that  the 
substance  obtained  from  the  allantoic  liquid  does  not  act  as  an 
acid,  the  name  which  it  now  bears  was  given  to  it.^ 

Wohler  afterwards  noticed  the  existence  of  the  same  substance 
in  the  urine  of  the  sucking  calf,^  and  it  also  occurs  in  the  urine 
of  dogs  kept  on  a  fatty  diet  ^  or  after  administration  of  uric 
acid.^  It  is  likewise  found  in  urine  in  some  cases  of  disease  of 
the  respiratory  organs  ;  "^  it  occurs  also  after  doses  of  tannic  acid 
have  been  given,  and  it  exists  not  unfrequently  in  the  normal 
fluid.®  It  has  also  been  noticed  in  the  urine  of  the  new-born 
child,  and  in  small  quantities  in  the  case  of  childbirth. 

Schulze  and  Barbieri  have  also  foiind  allantoin  in  the  young 
leaves  of  the  plane-tree  {Platamis  orientalis)? 

Allantoin  is  formed  artificially  not  only  by  oxidizing  uric  acid 
with  lead  dioxide,  but  also  by  acting  on  the  same  substance 
with  (1)  manganese  dioxide,^*^  (2)  alcoholic  solution  of  potassium 
ferricyanide,^^  (3)  permanganate  solution,^^  and  (4)  ozone :  ^^ 

C^H^N^Og  +  HP  +  0  =  C,H,N,03  +  CO,. 

It  is  also  obtained  by  the  action  of  nitrous  acid  on  dialuiic 

^  Ann.  Chim,  xxxiii.  269.  ^  Ann.  Chim.  Pliys.  xvii.  301, 

3  Ann   Chem.  Plmrm.  xxvi   244.  ■*  Jh.  Ixx.  229. 

^  Meissner  and  Jolly,  Zeitsch.  Ohem.  1865,  230. 

®  Salkowski,  Ber.  Dcutsch.  Chem.  Ges.  ix.  721. 

^  Frerichs  and  Stadeler,  Jahresb.  1854,  714, 

^  Salkowski,  Ber.  Veutsch.  Chem.  Ges.  xi.  500. 

®  Joitrn.  Prakt.  Chem.  [2],  xxv.  145. 

^0  Wheeler,  Zeifsch.  Chem.  1866,  746. 

^'  Schlieper,  Ann.  Chem.  Phhrm.  Ixvii.  219. 

^2  Neubauer,  %b.  xcix.  217  ;  Clays,  Ber.  Dcidsch.  Chem.  Ges.  vii.  227. 

^^  Gorup-Besanoz,  Ann.  C/ieon.  Pharm.  ex.  94. 
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acid,^  and  may  be  prepared  synthetically  by  heating  1  part  of 
glyoxylic  acid  with  2  parts  of  urea  for  10  hours :  ^ 


CH(OH). 


CO.OH 


NH. 


HN— CH— NH 


+ 


/ 
2  CO 

\ 


NH. 


/ 
=    CO 
\ 
HN— CO 


\ 
CO 

/ 

NH„ 


+ 


SH^O. 


Allantom  crystallizes  in  monoclinic  prisms,  which,  seen  under 
the  microscope,  exhibit  the  appearance  shown  in  Fig.  118.  These 
crystals  are  difficultly  soluble  in  cold  water,  but  dissolve  more 
readily  in  hot  water  and  in  alcohol.  It  has  a  neutral  reaction, 
combines    with    metallic    oxides,^  and    yields    with    mercuric 


Fig.  118. 

nitrate  a  white  insoluble  precipitate  similar  to  that  obtained 
with  urea.  On  this  acccunt  Liebig's  method  for  the  determina- 
tion of  urea  cannot  be  employed  in  presence  of  allantom. 

When  allantoin  is  heated  with  concentrated  hydriodic  acid,  it 
decomposes  into  urea  and  glycolyl  urea  (p.  96).^ 

Allantoic  Acid,  C^HgN^O^,  is  formed  as  a  difficultly  soluble  crys- 
talline powder  when  a  solution  of  allantoin  in  caustic  potash 
is  allowed  to   stand    for   some   days.      This   is   a  monobasic 


^  Gibbs,  Ann.  Chem.  Phartn.  Suppl.  vii.  337. 

^  Grimaux,  Ann.  Chim.  Phys.  [5],  xi.  389.  • 

^  Limpricht,  Ann,  Chem,  Pharm.  Ixxxviii.  94. 

*  Schlieper,  Ann.  Ohcm.  Pfuirm.  Ixvii.  231  ;  Mulder,  ih.  clix.  362. 
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acid,  forming  crystalline    salts.  ^      When  heated  with  water  it 
decomposes  into  urea  and  allanturic  acid  (Ponomarew) : 

HN— CH NH  HN— GH  NH^ 


CO 


\  / 

CO     =     CO 


\         \ 

O     +        CO. 


H^N   CO.OHNH2  H^N    CO  NH2 

Allanhmc  ArAd,  CgH^N^Og.  This  was  first  obtained  by 
Pelouze  by  oxidizing  uric  acid  and  ailantoin.^  A  similar 
body  was  afterwards  obtained  by  Schlieper  as  a  by-product  in 
the  preparation  of  allantoin,  and  to  this  he  gave  the  name  of 
laoitanuric  acid,  and  on  boiling  alloxanic  acid  with  water  he 
noticed  that,  together  with  other  products,  a  deliquescent  acid 
is  formed  which  he  described  as  diffluan.^  According  to  Baeyer 
these  bodies  are  identical,  and  must  be  regarded  as  anhydrides 
of  urea  and  glyoxylic  acid.*  The  formation  of  allanturic  acid 
from  allantoic  acid  shows  that  the  former  substance  is  the  anhy- 
dride of  carbamine-diglyoxylic  acid,  a  substance  which  does  not 
appear  to  exist  in  the  free  state. 

Allanturic  acid  is  a  gum-like  deliquescent  mass,  which  when 
boiled  with  caustic  potash  decomposes  into  ammonia,  carbon 
dioxide,  acetic  acid,  and  oxalic  acid,  or  the  products  of  decom- 
position of  uric  acid  or  glyoxylic  acid.^ 

Glyoxyl-Urea,  Q^^^O^.  This  compound  is  isomeric  with 
allanturic  acid,  and  is  formed  by  the  decomposition  of  oxonic 
acid  (p.  297).  It  crystallizes  from  hot  water  in  thick  needles, 
and  is  a  monobasic  acid,®  probably  possessing  the  following 
constitution : 

/NH, 
CO 
XNRCO.CHO. 

Glyco-uril,  C^HgN^Og,  is  formed  by  the  action  of  sodium 
amalgam  on  a  hot  sohition  of  allantoin.  It  crystallizes  in 
small  octohedrons  or  pointed  needles,  which  are  difficultly 
solulDle  in  water.^  On  boiling  with  dilute  sulphuric  acid  it 
decomposes  into  urea  and  glycolyl  urea.^ 

^  Ponomarew,  Ber.  DeiUsch.  Ghcm.  Ge.9,  xi.  2155. 

2  Gerhardt,  Traiti.  Chim.  Org,  i.  528. 

^  Ann.  Chem.  Pharm.  Ivi.  1.  **  Neu.  Hanworterb.  i.  288. 

^  Medicus,  Ber.  Deutsche  Cliem.  Ges.  x.  544. 

"  Medicus,  Ann.  Chcm.  Fkarm,  clxxv.  234. 

^  Rheineck,  ib.  cxxxiv.  219. 

^  Baeyer,  ib.  cxxxvi.  276. 
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Pyntvil,  Cj^Hj^N^O^,  is  isomeric  with  methyl-allantoin,  and  is 
formed  when  pyroracemic  acid  is  heated  with  urea.  It  crystal- 
lizes from  hot  water  in  rhombic  tables,  and  when  boiled  with 
concentrated  hydrochloric  acid  it  is  converted  into  pyruvin- 
ureide,  C^H^NgOg : 


HN— C(CH„)— NH 
/                       \ 
CO                       CO    = 

N_C(CH3)            NH^ 
=    CO                 +     \o 

HN— C             NH^ 

HN— ( 

/ 
JO                ,  NHg 

Pyruvil  is  a  crystalline  powder  somewhat  soluble  in  boiling 
water.  Nitric  acid  converts  it  into  nitro-pyruvinur&ide, 
G^^i^O^^fi^j  a  body  crystallizing  from  hot  water  in  glistening 
yellow  scales,  and  dissolving  in  alkalis  with  a  yellow  colour. 
This  latter  is  a  dibasic  acid,  and  is  decomposed  by  boiling  with 
bromine  water  into  parabanic  acid  and  brompicrin  :  ^ 


N=zC— CH^CNO^)  HN— CO 


/ 


/ 


+ 


CO  4-     3Br2     +     H2O  ~     CO 

\      I  \ 

HN— CO  HN— CO 

CBraNO.     +     3HBr. 


XANTHINE,  C^H.NPa. 
SARCINE,  C5H4N4O. 
GUANINE,  C5H5N5O. 

682  These  three  basic  compounds,  which  occur  in  the  animal 
organism,  stand  in  close  relation  to  uric  acid.  The  two  first  are 
formed  from  this  acid  by  the  action  of  sodium  amalgam  and 
water,^  and  guanine  is  xanthine  in  which  one  atom  of  oxygen  is 
replaced  by  the  imido-group  NH,  and  therefore  it  is  converted 
into  this  latter  body  by  the  action  of  nitrous  acid. 

Xanthine,  C^H^N^Og,  was  discovered  by  Marcet  in  1819  as 
forming  the  chief  constituent  of  certain  rare  forms  of  urinary 
calculus,  and  termed  by  him  xanthic  oxide,  because  on  evapo- 
ration with  nitric  acid  a  yellow  residue  is  left  {^dvOo^j  yellow). 

^  Grimaux,  Ann.  Ckim.  Phys.  [5],  xi.  373. 

^  Eheineck,  Ann.  Chem.  Pharm.  cxxxi.  121. 

*  Essay  on  the  Chemical  History  and  Medical  Treatment  of  Calculous  Diseases. 
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Its  composition  "was  first  determined  by  Liebig  and  Wohler, 
who  studied  the  properties  of  the  body  more  exactly,^  whilst 
Gmelin  gave  it  the  name  it  now  bears.^  It  is  also  always  found 
in  small  quantity  in  urine,  and  during  the  use  of  sulphur  baths 
it  appears  in  larger  quantity.^  It  also  occurs  in  yeast,  frequently 
in  guano/  and  it  is  a  normal  constituent  of  the  animal  body. 
Thus,  it  has  been  found  in  muscular  fibre  and  in  the  liver, 
pancreas,  and  spleen,  and  in  the  brain.^ 

It  is  obtained  artificially  from  guanine  by  treating  thib  body 
with  nitrous  acid,  when  a  nitro-compound  is  formed  at  the  same 
time,  and  this,  on  reduction  with  ferrous  sulphate  and  ammonia, 
yields  xanthine.®  In  order  to  prepare  it,  potassium  nitrate  is 
added  to  a  boiling  nitric  acid  solution  of  guanine  until  red 
nitrous  vapours  are  evolved  in  considerable  quantity,  when 
the  solution  is  diluted  with  a  large  quantity  of  water ;  the 
yellow  precipitate  thus  formed  is  washed  and  dissolved  in  boiling 
ammonia,  a  solution  of  ferrous  suljDhate  being  then  added  uatil 
black  hydroxide  of  iron  is  precipitated.  The  filtered  solution  is 
next  evaporated,  and  the  residue  washed  with  water  to  remove 
ammonium  sulphate.  It  is  then  again  dissolved  in  ammonia, 
and  the  solution  allowed  to  evaporate. 

Xanthine  is  a  granular  white  powder,  consisting  of  micro- 
scopic crystals  which  when  pressed  possess  a  waxy  lustre.  It  is 
deposited  from  aqueous  solution  on  evaporation  as  a  skin  or  in 
scales.  It  is  very  difficultly  soluble  in  cold,  but  more  readily 
soluble  in  boiling  water.  The  determinations  of  its  solubihty 
vary  considerably.  According  to  Almen,  it  requires  from  1336  to 
1498  parts  of  boiling  water  and  about  14,000  parts  of  cold  water 
for  solution.^  It  is  insoluble  in  alcohol,  dissolves  in  ammonia 
more  readily  than  does  uric  acid,  and  is  still  more  readily  soluble 
in  caustic  potash.  Acids,  even  carbon  dioxide,  precipitate  it  from 
this  solution.  When  xanthine  is  heated  a  small  portion  sub- 
limes ;  the  larger  portion,  however,  carbonizes  with  formation 
of  ammonium  carbonate,  cyanogen,  and  hydrocyanic  acid. 

Xanthine  acts  at  the  same  time  as  a  weak  acid  and  a  weak 
base.  It  dissolves  in  warm  ammonia,  and  on  cooling:  fine  stellated 
needles  of  the  ammonium  compound  separate  out,  but  the  solution 
when   evaporated   loses  the  whole  of  its  ammonia.     Xanthine 

^  Pong.  Ann.  xli.  393.  2  j^andb.  Org.  Chem.  ii.  514. 

^  DiiiT,  A7171.  CJiem.  Pharm.  cxxxiv.  45. 

**  Streckev,  ib.  cxviii.  152  ;  Tliipson,  Chem.  Kcws,  y\.  16. 

^  Scherer,  Ann.  Chem.  Pharm.  cxii.  257. 

^  Strecker,  ib.  cviii.  141,  cxviii.  166,  ^  Jahresb.  1862,  534. 
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separated  out  by  acetic  acid  is  more  easily  soluble  than  that 
obtained  by  evaporation  (Strecker,  Scherer).  When  xanthine 
is  boiled  with  baryta-water,  the  difficultly  soluble  compound 
C5H4N402Ba(OH)2  separates  out. 

Xanthine  Sulphate,  CgH^N^Og.SO^Hg+HgO,  crystallizes  in 
microscopic,  glistening,  rhombic  tables,  which  when  washed 
with  water  lose  the  wliole  of  their  acid.  Xanthine  hydrochlorate, 
CgH^N^OgjHCl,  is  difficultly  soluble  in  water,  and  is  deposited 
iu  glistening  scales  aggregated  in  nodular  concretions.  The 
nitrate  forms  fine  yellow  crystals. 

When  xanthine  is  evaporated  with  nitric  acid,  and  caustic 
potash  added  to  the  yellow  residue,  this  becomes  of  a 
yellowish-red  colour,  which  on  warming  turns  to  a  violet-red. 
If  a  small  quantity  of  xanthine  is  brought  on  to  a  watch-glass 
with  a  mixture  of  bleaching  powder  and  caustic  soda,  the  edges 
of  the  liquid  become  covered  with  a  dark-green  scum  which  soon 
becomes  brown  and  disappears.  The  soluble  salts  of  mercury 
precipitate  an  aqueous  solution  of  xanthine  even  when  greatly 
diluted. 

Fsmdoxanthine,  C^H^N^Og,  is  formed,  together  ^^  ith  glycocoll 
and  hydurilic  acid,  when  uric  acid  is  heated  with  sulphuric  acid 
to  a  temperature  of  110°' — 130''.  It  is  a  white  powder,  slightly 
soluble  in  water,  but  easily  soluble  in  caustic  potash.  When 
it  is  evaporated  with  nitric  acid,  it  leaves  a  lemon-yellow  residue 
which  is  coloured  yellowish-red  by  caustic  alkalis.  With  nitric 
acid  or  hydrochloric  acid  it  does  not  form  crystalline  compounds.^ 
683  Sarcine,  C^H^N^O.  A  substance  resembling  xanthine 
was  discovered  by  Scherer  in  splenic  pulp  and  in  the  muscles 
of  the  heart,  and  to  this  he  gave  the  name  of  hypoxanthine, 
as  it  contains  one  atom  of  oxygen  less  than  xanthine,  A  body 
termed  xanthoglobuline,  which  the  same  chemist  discovered  in 
the  Kver  and  pancreas,  appeared  to  be  different  from  this  sub- 
stance, whilst  Strecker  found  a  compound  having  the  same 
composition  as  hypoxanthine  in  muscular  fibre,  and  as  it  did 
not  agree  in  its  properties  with  this  body  he  distinguished  it  as 
sarcine.  Scherer  then  showed  that  the  bodies  which  he  had 
obtained  were  identical  with  this  latter,  and  that  the  differ- 
ences which  were  noted  were  due  to  the  fact  that  they  were 
mixed  with  more  or  less  xanthine  or  guanine.^ 

^  Schultzen  and  Filehne,  Bcr.  DeiUrch.  Cliem.  Ges.  i,  150. 

2  Scherer,  Ann.   Chcm.  Pharm.  Ixxiii.  328    cvii.  314,  cxii.  257  ;  Strecker,  iK 
cii.  204,  cviii.  129. 
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Sarcine  almost  always  occurs  together  -with  xanthine,  and  is 
also  found  in  the  spinal  marrow,  and  in  the  blood  after  death, 
but  not  in  blood  when  flowing  through  the  blood-vessels;  it  does 
not  occur  in  urine. 

In  order  to  prepare  this  compound,  extract  of  meat  is  dissolved 
in  fifteen  times  its  weight  of  water,  the  solution  precipitated  with 
acetate  of  lead,  the  filtrate  then  freed  from  lead  by  sulphuretted 
hydrogen,  and  evaporated  to  one-fourth  of  its  original  volume. 
Ammonia  is  next  added  and  silver  nitrate,  the  precipitate 
washed  with  ammoniacal  water,  and  dissolved  in  the  smallest 
possible  quantity  of  nitric  acid  of  specific  gravity  11.  On 
cooling,  sarcine-silver-nitrate  crystallizes  out,  this  requiring 
5,000  parts  of  the  cold  acid  for  solution.  The  precipitate  is 
then  freed  from  nitric  acid  by  washing  with  ammoniacal  silver 
solution,  the  residue  suspended  in  water  and  decomposed  by 
sulphuretted  hydrogen.  The  filtrate,  on  evaporation,  yields 
absolutely  pure  sarcine,  of  which  the  extract  of  meat  contains 
about  0*6  per  cent.,  whilst  ox-muscle  contains  from  0*0161  to 
0'0277  per  cent.  The  filtrate  from  the  sarcine-silver-nitrate 
gives  on  addition  of  ammonia  a  precipitate  of  xanthine-silver- 
oxide,  and  hence  this  method  serves  for  the  quantitative  deter- 
mination of  sarcine  and  xanthine  in  meat.  The  preparation  of 
creatine  may  also  be  carried  out  in  the  same  material.^ 

Sarcine  is  a  crystalline  powder,  dissolving  in  300  parts  of  cold 
and  78  parts  of  boiling  water,  and  being  less  soluble  in  alcohol. 
Fuming  nitric  acid  converts  it  into  xanthine  and  a  nitro-com- 
pound.  It  has  a  neutral  reaction,  and  combines  with  acids, 
bases,  and  salts. 

Hydrochlorate  of  Sarcine,  CgH^N^OjHCl  +  HgO,  crystalHzes 
in  needles  or  prisms,  and  is  readily  decomposed  by  water.  The 
nitrate  forms  thick  prisms,  which  become  opaque  when  moistened- 

The  hariuii  salt,  C,'H.^^fi,B^{OB.\,  or  C^H^Bal^^O  +  SH^, 
is  obtained  by  dissolving  sarcine  in  dilute,  and  afterwards  adding 
an  excess  of  cold  saturated,  baryta-water,  when  the  salt  is 
deposited  in  transparent  crystals. 

When  sarcine  solution  is  precipitated  with  ammoniacal 
silver  nitrate,  a  gelatinous  precipitate,  having  the  composition 
CgHgAgN^O  +  HgO  is  deposited,  whilst  with  silver  nitrate 
alone  flocks  of  C5H4N40,AgN03  are  formed,  which  dissolve  in 
dilute  nitric  acid,  and  on  cooling  the  salt  is  deposited  in 
microscopic  needles. 

^  Neubauer^  Frcscniu-i'  Zcitsck,  vi.  33. 
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684  Carnine,  C^HgN^Og,  bas  hitherto  only  been  found  in 
Liebig*s  extract  of  meat/  and  in  order  to  prepare  it  this  is  dissolved 
in  6  to  7  parts  of  water,  precipitated  by  baryta-water,  and  acetate 
of  lead  added  to  the  filtrate,  when  a  precipitate  is  formed  which 
contains  the  lead  compound  of  carnine.  This  is  then  dissolved 
by  boiling  repeatedly  with  water,  and  the  solution  decom- 
posed by  passing  sulphuretted  hydrogen  through  it.  The  filtrate 
is  then  concentrated,  and  a  strong  solution  of  silver  nitrate 
added,  when  a  flocculent  precipitate,  having  the  composition 
(C7HgN403)2,AgN03,  is  formed.  This  is  washed  with  dilute 
ammonia  to  remove  nitric  acid.  The  precipitate  is,  lastly,  sus- 
pended in  water,  and  decomposed  by  sulphuretted  hydrogen. 

Carnine  is  a  crystalline  powder,  difficultly  soluble  in  water ;  it 
unites  -wdth  hydrochloric  acid  to  form  the  salt  CyHgN^Og  +  3HC1, 
crystallizing  in  glistening  needles.  Bromine-water  or  warm 
nitric  acid  converts  carnine  into  sarcine.  Extract  of  meat  con- 
tains about  1  per  cent,  of  carnine,  and  it  is  from  this  that  the 
sarcine  is  probably  formed. 

685  Chianine,  or  Imidoxanthine,  C^jH^NgO.  This  body  was  dis- 
covered by  Unger  in  various  samples  of  guano,  being  contained 
in  largest  quantity  in  that  from  Peru.^  It  is  also  found  in  the 
excrement  of  the  spider,^  in  the  pancreas  of  the  horse,^  and  in 
the  scales  of  the  bleak,^  and  it  occurs  as  a  deposit  in  the  knee- 
joints  of  swine  suffering  from  the  disease  known  as  Guanine-gout 
(Virchow). 

It  is  produced,  together  with  xanthine,  sarcine,  and  other 
bodies,  when  yeast  is  allowed  to  stand  at  a  temperature  of  35° 
in  contact  with  water.® 

In  order  to  prepare  it,  Peruvian  guano  is  suspended  in  water, 
milk  of  lime  gradually  added,  and  the  whole  boiled.  The 
brown  solution  is  then  squeezed  through  a  cloth,  and  the  process 
repeated  until  the  liquid  is  no  longer  coloured.  The  residue, 
which  contains  uric  acid  and  guanine,  is  then  boiled  with  solu- 
tion of  sodium  carbonate,  until  the  solution  thus  obtained  no 
longer  yields  a  precipitate  with  hydrochloric  acid;  It  is  then 
treated  with  sodium  acetate,  and  hydrochloric  acid  added  to 
strongly  acid  reaction,  and  the  precipitate  boiled  with  dilute 
hydrochloric  acid.  Hydrochlorate  of  guanine  crystallizes  out 
on  cooling,  but   this    still  contains  uric  acid,  and  to    remove 

^  "Weidel,  Ann.  Chcm,  Pharm.  clviii.  353. 

2  Ann,  Chem,  Pharm.  lis.  68.  ^  Gorup-Besanez  and  "Will,  ib.  Ixix.  117. 

*  Scherer,  ib.  cxii.  276.  **  BaiTeswill,  CompL  Rend.  liii.  246. 

*  Schutzenberger,  Bull,  Soc,  Chim.  vii.  192. 
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this  it  must  be  boiled  with  dilute  ammonia,  and  the  residual 
guanine  dissolved  in  strong,  boiling  nitric  acid.  On  cooling, 
nitrate  of  guanine  separates  out,  and  this  may  be  decomposed 
by  ammonia.i 

Guanine  is  an  amorphous  powder,  insoluble  in  water.  It 
dissolves,  however,  in  an  excess  of  concentrated  ammonia, — a 
reaction  which  distinguishes  it  from  xanthine  and  sarcine.  Its 
salts  also  yield  with  potassium  chromate  an  orange-red,  crystal- 
line precipitate,  and  potassium  ferricyanide  gives  a  reddish- 
brown,  crystalline  precipitate,  whilst  a  saturated  solution  of 
picric  acid  gives  an  orange-yellow,  silky,  insoluble  picrate.^ 
When  guanine  is  evaporated  with  fuming  nitric  acid,  a  glistening 
yellow  residue  remains,  and  this,  on  the  addition  of  caustic  soda, 
becomes  first  red,  and  then,  on  heating,  purple. 

When  guanine  is  heated  with  hydrochloric  acid  and  potassium 
chlorate,  it  is  oxidized  to  carbon  dioxide,  guanidine,  and  para- 
banic  acid  (Strecker).  It  is  a  diacid  base,  but  also  forms 
metallic  salts,  and  combines  with  salts. 

Guanine  Hifclrocldorate,  C^^fi,(E.G\)^,  is  formed  when 
hydrochloric  acid  gas  is  passed  at  a  low  temperature  over 
guanine,  when  the  mass  swells  up.  By  dissolving  guanine  in 
hot  hydrochloric  acid,  the  monacid  salt  having  the  formula 
CgHgNgOjHCl  +  2H2O  is  obtained,  crystallizing  in  needles  which 
lose  their  water  at  100°  and  their  acid  at  200°.  Guanine  hydro- 
chlorate  forms  double  salts  with  various  metallic  chlorides.  The 
platinichloride,  [0.^^1^f):RG\\-\-ViG\^-^2'Efi,  crystallizes  from 
water  in  orange-yellow  prisms. 

Guanine  Sulphate,  {Q^^fi)^^^0^,  crystallizes  in  long 
needles,  but  is  decomposed  by  prolonged  washing  with  water. 

Guanine  Nitrate,  C^^fi,(R'^0^^-\-2'Rfi,  is  formed  by 
dissolving  guanine  in  hot  nitric  acid  of  specific  gravity  1*25. 
It  crystallizes  in  short  prisms.  From  more  dilute  acid,  a  salt, 
having  the  composition  2(C5H^N50,HN03)-1-3H20,  crystallizes 
in  long,  hair-like,  foliated  needles. 

Guanine  also  forms,  with  oxalic  acid  and  tartaric  acid,  crystal- 
line salts  (Unger),  but  it  does  not  combine  with  formic  or  acetic 
acid,  and  does  not  dissolve  in  lactic  acid  or  citric  acid.^ 

Guanine  dissolves  readily  in  caustic  soda  solution,  and  on  the 
addition  of  alcohol  indistinctly  formed  scales,  having  the  com- 

^  Strecker,  Ann.  GheTn.  Pharm.  cxviii.  152. 

"  Capranica,  ffoppe-Scyler's  Zcitsch.  Phys,  CkeTn.  iv.  233. 

^  Neubauer  and  Kerner,  Ann.  Chcm.  Pharm,  ci.  318. 
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position  C5H5N50,(NaOH)2+5H20,  separate  ont,  and  these  are 
decomposed  by  water  and  by  carbon  dioxide  (Unger),  When 
guanine  is  dissolved  in  boiling  baryta-water,  needles  separate  out 
on  cooling  which,  when  dried  over  sulphuric  acid,  lose  their  water 
and  have  the  composition  CgH^BaN^O  (Strecker). 

If  a  concentrated  aqueous  solution  of  corrosive  sublimate  be 
added  to  a  hydrochloric  acid  solution  of  guanine,  a  crystalline 
precipitate,  having  the  composition  2(C5H5N50,HgCl2)  +  SHgO, 
IS  formed.  A  hot  alcoholic  solution  of  sublimate  gives,  on  the 
other  hand,  a  heav}'-,  crystalline  powder,  consisting  of  microscopic 
prisms,  having  the  composition  2(C5H5N50,HCl)HgCl2  +  HgO 
(Neubauer  and  Kerner). 

Silver  nitrate  gives  a  flocculent  precipitate  in  a  solution  of 
nitrate  of  guanine,  and  this  dissolves  in  strong  boiling  nitric 
acid,  and  on  cooling  deposits  in  fine,  needle-shaped  crystals, 
having  the  formula  C^HgNsO^AgNOg  (Strecker). 


THEOBROMINE,  CyHgNPg. 
CAFFEINE,  C.H^o^.O^. 

686  These  two  compounds,  which  only  occur  in  the  vegetable 
kingdom,  and  which  Avere  formerly  classed  amongst  the  alkaloids, 
are  now  known  to  exhibit  chemical  analogies  with  uric  acid  and 
similar  boJies  occurring  in  the  animal  organism. 

Theohromine,  C^HgN^Og.  This  body  was  discovered  by  Wos- 
kresensky  in  cocao-beans,  the  fruit  of  Theobroma  cacao}  from 
which  cocao  and  chocolate  are  prepared.  It  also  occurs  in  the 
rind,''  and,  as  it  appears,  in  small  quantity  together  with  caffeine 
in  the  young  leaves  of  Himalaya  tea.^  In  order  to  extract  it 
the  powdered  beans,  which  contain  about  0*5  per  cent.,  are  boiled 
with  water,  and  lead  acetate  added  to  the  solution  until  no  further 
precipitate  is  formed.  The  filtrate  is  then  freed  from  lead  by 
sulphuretted  hydrogen,  and  evaporated  to  dryness.  The  residue 
is  boiled  with  alcohol,  and,  on  cooling,  theobromine  crystallizes 
out,  and  is  then  purified  by  recrystallization  or  by  sublimation. 

Strecker  found  that  when  silver  nitrate  is  added  to  an 
ammoniacal  solution  of  xanthine,  an  amorphous  precipitate  of 

^  Ann.  Chcm.  Pharm.  xli.  125. 

2  Bley,  Pharm,  Central.  1842,  303. 

3  Zolier,  Ann.  Chem.  Pharm.  clviii.  180. 
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xauthine-silver,  C^HjAgoN^O^,  is  formed,  and  this,  when 
heated  with  methyl  iodide  is  converted  into  dimethyl  xanthine, 
G^Jl2(^^3)2^fi2-  -^^  considered  that  this  body  was  isomeric 
with  theobromine,-^  but  E,  Fischer  has  shown  that  the  bodies 
are  identical.  In  order  to  prepare  theobromine  from  xanthine,  a 
molecule  of  the  latter  is  dissolved  in  a  solution  of  two  molecules 
of  caustic  soda  and  the  boiling  solution  precipitated  with  acetate 
of  lead,  when  lead  xanthine,  CgHgPbN^Og,  is  thrown  down  as  a 
crystalline  precipitate,  which,  when  heated  with  methyl  iodide 
to  100°,  is  converted  into  theobromine.^ 

Theobromine  is  slightly  soluble  in  water,  and  forms  micro- 
scopic crystals  which  sublime  to  a  snow-like  mass  at  290° — 295°.^ 
It  possesses  a  bitter  taste,  which,  however,  only  becomes  percep- 
tible after  a  time.  It  combioes  with  acids  to  form  unstable 
salts,  which  resemble  those  of  caffeine.  When  dissolved  in 
ammonia,  and  silver  nitrate  added  and  the  mixture  boiled,  silver- 
theobromine,  CyH^AgN^Og,  is  deposited  as  a  white  precipitate. 

On  oxidation  with  chromic  acid,  theobromine  yields  mono- 
methylparabanic  acid,^  whilst  aqueous  chlorine  converts  it  into 
monomethyl  urea  and  monomethyl  alloxan,^  and  by  hydrochloric 
acid  and  chlorate  of  potash  it  is  oxidized  to  dimethyl-alloxantin, 
C8H4(GH3)2N,Os  -H  4H,0  (Maly  and  Hinteregger). 

687  Caffeine,  or  Methyl  Theohroniine,  CgH^^jN^Og.  The  bitter 
ingredient  of  coffee  was  not  obtained  in  the  pure  state  till  the 
year  1821,^  when  it  was  prepared  almost  simultaneously  by 
Runge/ Pelletier  and  Caventon,^  and  Eobiquet.^  In  1827  Oudry 
discovered  the  bitter  crystalline  principle  contained  in  tea,  to 
which  he  gave  the  name  of  theine ;  ^^  and  Berzelius  suggested 
that  this  compound  would  be  found  to  be  identical  with  that 
obtained  from  coffee,  and  his  supposition  was  proved  to  be 
correct  by  the  investigations  of  Jobst^^  and  Mulder.^''  A  body 
termed  guaranine  by  Martins  was  afterwards  shown  by  himself, ^^ 
and  by  Bertemont  and  Dechastelus,^^  to  be  caffeine. 

The  exact  composition  of  this  body  was  ascertained  by  Pfaff 

^  Ann.  C'liem.  Pharm.  cxviii.  174.  2  j^^,,^  J)eut.  Chcm.  Ges.  xv,  453. 

■*  Keller,  Ann,  Chem,  Plmrm.  xcii.  71. 

*  Maly  and  Hinteregger,  Monats.  CJiem.  ISSl,  ?7. 

*  E.  Fischer,  Ber,  Deutsch.  Clicm.  Ges.  xv.  h^. 
^  Ginclin's  Handbook,  xiii.  224. 

'  Materialcn  zur  Physiologic  ;  see  also  Giske,  Schioeigq.  Journ.  xxxi.  208. 
s  Journ.  Pharm.  [2],  xii.  229.  ^  Did.  'Tcr.hnol 

10  NoiLV.  Bihl.  Med.  March,  1827,  "  Ann.  Chem.  Pharm.  xxv.  63. 

^-  Journ.  Prakt.  Chcm.  xv.  280.  ^^  jifm^  Chem.  Pharm,  xxxvi.  93. 

1^  Ih.  xxxvi.  90. 
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and  Liebig/  but  Strecker  was  the  first  to  obtain  caffeine  arti- 
ficially. For  this  purpose  he  heated  silver-theobromine  with 
methyl  iodide,  proving  that  this  body  is  methyl-theobromine.^ 

Coffee-beans  contain  O'S  to  2*2  per  cent,  of  caffeine.  It  is 
found  in  the  seed-cover  as  well  as  in  the  leaves  ^  of  the  coffee- 
plant,  which  contain  in  the  dry  state  about  1'26  per  cent. 
(Stenhouse).  The  percentage  of  caffeine  in  tea  varies  usually 
between  I'o  and  2*5  per  cent.,  but  in  some  cases  it  rises  to  above 
3'2  per  cent.  Guarana  or  uarana,  termed  Brazilian  chocolate, 
a  material  largely  used  in  South  America,  is  the  roasted  pulp  of 
the  fruit  of  Paw/^mm  sorhilis.  This  substance  occurs  in  com- 
merce in  reddish-brown  cylinders  or  balls,  and  serves  as  an 
article  of  diet  as  well  as  a  medicine.  It  contains  1'5  to  5  per 
cent,  of  the  base.  Caffeine  is  also  contained  in  Paragtiay  tea 
or  *'  yerba  mate,"  a  substance  obtained  from  the  leaves  and  small 
twigs  of  the  Ilex  Faraguaycnsis,  and  which  contains  0'2  to  1'6.^ 
It  is  also  found  in  Kola-  nuts,  the  fruit  of  the  Serculia  acitminata, 
used  in  Central  Africa  as  a  food,  and  this  contains  about  2  per 
cent,  of  caffeine.^ 

In  order  to  prepare  caffeine,  tea-dust  is  employed.  This  is 
boiled  with  water,  acetate  of  lead  added  to  the  solution  until 
no  further  precipitate  occurs,  in  order  to  get  rid  of  tannic  acid 
and  other  bodies,  the  filtrate  freed  from  lead  by  sulphuretted 
hydrogen,  and  the  whole  evaporated  to  the  point  of  crystallization. 
The  impure  base  is  then  recrystallized  from  alcohol,  benzene,  or 
chloroform.  It  forms  long,  silky,  elastic  needles,  which  when 
crystalhzed  from  water  contain  one  molecule  of  this  substance, 
which  is  given  off  at  100°.  It  dissolves  in  about  90  parts  of 
cold  water,  and  easily  in  boiling  water.  It  is  less  soluble  in 
alcohol,  and  still  more  difficultly  soluble  in  ether.  On  the  other 
hand,  it  dissolves  readily  in  chloroform  and  benzene.  It  possesses 
a  slightly  bitter  taste,  melts  at  234° — 235°,  and  sublimes  without 
decomposition. 

In  order  to  determine  the  amount  of  caffeine  in  tea  or  coffee, 
10  grams  of  the  substance,  which  must  be  well  dried  and 
powdered,  are  boiled  with  water,  and  the  filtrate  evaporated  to 
dryness  with  2  grams  of  magnesia  and  5  grams  of  glass  powder. 
The  caffeine  is  then  extracted  with  a  mixture   of   1  part  of 

^  Ann.  Pharm.  i.  17.  ^  Ann.  Chem.  Pharm.  cxviii.  170. 

\  Van  derCorput,  GmcUn's  HccndbcoJc,  xiii.  225  ;  Stenhouse,  A^m.  Chem.  Pharm. 
Ixxxix.  244. 
^  ytenhouse,  Mem.  Chem.  Soc  i.  218. 
*  Attfield,  Pharm.  Journ.  Tra-ns.  [2],  vi.  45. 
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chloroform  and  3  parts  of  ether,  and  the  solution  evaporated  to 
dryness. 

CaflFeine  has  a  neutral  reaction.  It  is  a  very  weak  base^  the 
salts  of  which  are  decomposed  by  water  or  on  warming.  As 
the  older  literature  on  the  subject  contains  many  contradictions, 
E.  Schmidt  has  recently  investigated  the  subject  anew.^ 

Hydrochloride  of  Caffeine,  Cj^Ht^N^O^^HCIh- SH^O,  separates 
from  a  solution  of  the  base  in  concentrated  hydrochloric  acid  in 
rhombic  prisms,  which  lose  water  and  acid  on  exposure  to  air, 
and  on  heating  to  100°  leave  pure  caffeine.  If  hydrochloric 
acid  gas  be  passed  over  caffeme,  it  absorbs  twc  molecules  of  the 
gas,  which  are  gradually  given  off  again  on  exposure  under  the 
exsiccator.^  The  platinichloride,  (Cf^HjQN402,HCl)2PtCl^  is 
difficultly  soluble  in  water  and  alcohol,  and  separates  from  hot 
water  in  small  yellow  crystals.  When  concentrated  solutions  of 
auric  chloride  and  caffeine  hydrochloride  are  mixed,  the  solution 
solidifies  to  a  splendid,  lemon-yellow,  crystalline  mass,  which  is 
deposited  from  alcoholic  solution  in  long,  orange-yellow  needles, 
having  the  composition  CgH^QN402,HCl(AuCl3).^ 

Caffeine  Sulphate,  O^^^fi^.^O^^,  separates  in  glistening 
needles  from  a  hot  alcoholic  caffeine  solution  to  which  sulphuric 
acid  has  been  added. 

Caffeine  Acetate,  Q^^Q^fi^X^^^^fi^}^^  forms  needle-shaped 
crystals,  which  lose  acid  on  exposure  to  air,  and  more  readily  at 
a  high  temperature.  Butyric  and  valeric  acids  also  form  com- 
pounds with  caffeine,  but  these  contain  only  one  molecule  of 
the  acid. 

The  material  occurring  in  commerce  termed  citrate  of  caffeine 
is  not  a  salt,  but  the  base  itself. 

Caffeine  is  poisonous.  It  produces  increased  action  of  the 
heart  and  nervous  irritability  :  0*3  gram  of  the  body  given  to  a 
rabbit  produces  symptoms  of  poisoning,  whilst  0'37  to  0.5  gram 
killed  both  a  rabbit  and  a  cat  in  the  space  of  half  an  hour  to 
two  hours.  In  the  process  of  roasting  the  coffee  does  not  lose 
any  perceptible  amount  of  caffeine,  and  its  physiological  action 
depends  to  a  certain  extent  upon  the  presence  of  this  base,  but 
not  entirely  upon  this,  as  it  has  been  shown  that  tea  has  a 
different  action  upon  the  nerves  than  coffee,  and  in  the  latter  case 
the  aromatic  oil  which  is  formed  in  the  process  of  roasting  plays 

1  Ber.  Deutsch.  Cliom.  Ges.  xiv.  814. 

^  Mulder,  Pogg.  Ann.  xliii.  161. 

^  Nicholson,  Aim,  Chem.  Pharm.  Ixii.  71. 
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an  important  part,^  whilst  in  the  case  of  tea  the  large  quantity 
of  tannic  acid  which  it  contains  modifies  the  action  of  the 
caffeine. 

Coffee  and  tea,  and  probably  other  dietetics  -which  contain 
caffeine,  stimulate  nervous  action  and  diminish  metabolism, 
and  for  this  reason  the  desire  for  sleep  and  nourishment  after 
the  use  of  such  beverages  becomes  less.  This  fact  appears 
to  have  been  long  known  to  the  Arabs,  who  accordingly  use 
coffee  in  their  feasts  and  nocturnal  religious  ceremonies.  The 
Arabic  word  for  coffee-bean  is  Bounne,  but  the  beverage  is 
termed  Kahioa,  derived  from  Ikha,  signifying  distaste  (for  food 
or  sleep)  .^ 

688  By  the  action  of  concentrated  nitric  acid  on  caffeine,  Sten- 
house  obtained  a  compound  having  the  composition  C^HgNgOg, 
to  which  he  gave  the  name  of  nitro-theine.^  Rochleder  then 
found  that  this  body  is  also  obtained  when  caffeine  is  treated 
with  chlorine  in  presence  of  water,  whilst,  together  with  this, 
amalic  acid,  C^^gH^g^i^-^t'  niethylamine,  and  cyanogen  chloride 
are  formed.  Stenhouse's  compound  was  termed  cholestrophane,'^ 
owing  to  its  similarity  to  the  body  cholesterine  contained  in  the 
bile.  Strecker  then  showed  that  this  compound  is  dimethyl- 
parabanic  acid,  and  that  amalic  acid  is  tetramethyl-alloxantin.^ 
He  also  proved  that  when  caffeine  is  heated  with  baryta-water, 
carbon  dioxide  and  caffeidine,  C7H^2^^*^,  are  formed  ^  This  latter 
body  is  a  strong  base,  which,  when  further  heated  with  alkalis, 
yields  ammonia,  methylamine,  sarcosiue  (methylamido-acetic 
acid),  formic  acid,  and  carbon  dioxide  :  ^ 

C^H^.N^O  +  5H2O  =  NH3  +  2CH3.NH2  -h 
C3H7NO2  +  CH2O2  +  CO2. 

These  reactions  show  that  caffeine  contains  the  methyl  group 
three  times,  and  that  its  constitution  must  be  very  similar  to 
that  of  uric  acid.  The  investigations  of  E.  Fischer  have  sub- 
stantiated this  in  a  remarkable  manner.  He  has  shown  that 
caffeine,  wlieji  acted  upon  by  oxidizing  agents,  is  converted 
first  into  dimethyl-alioxan  and  monomethyl-urea,  whilst  uric 
acid  thus  treated  gives,  as  has  been  stated,  alloxan  and  urea. 

^  Lehmann,  Ann.  Ghem.  Pharm,  Ixxxvii.  207  and  275. 

^  De  Sacy,  Qhrestomatie  Arabe.  ^  ^  ^  Mem.  Chem.  Soc,  i.  219,239. 

Rochleder,  Ann,  Chem,  Fharm.  Ixxiii.  56. 
^  Ann.  Chem.  Pharm.  cxviii.  174.  ^  lb.  cxxiii.  360. 

^  Schultzen,  Zeitsch.  Chem.  1867,  614  ;  Rosengarten  and  Strecker,  Ann.  Chem. 
Pharm.  civii.  1, 
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Fischer  lias  moreover  prepared  a  series  of  other  derivatives, 
the  relations  of  which  enable  us  to  explain  the  constitution  of 
caffeine  in  a  simple  way.^ 

Chlorcaffc'iiie,  CgHgClN^Og,  separates  from  aqueous  solution  in 
a  voluminous  crystalline  mass,  and  crystallizes  from  water  in 
needles  (E-ochleder). 

Bromcaffe'ine,  CgHgBrN^Og,  was  first  obtained  by  Schultzen,^ 
and  then  investigated  by  FiscLer.  When  1  part  of  caffeine  is 
brought  in  contact  with  5  parts  of  bromine,  a  dark-red  addition- 
product  is  obtained,  which,  when  heated  for  twelve  hours  and  the 
excess  of  bromine  distilled  off  and  the  residue  heated  to  150°, 
is  converted  into  bromcaffeine.  In  order  to  purify  this  product 
it  is  treated  with  aqueous  sulphurous  acid,  dissolved  in  concen- 
trated hydrochloric  acid,  and  precipitated  with  water.  It  closely 
resembles  the  chlorine  compound.  It  melts  at  206°,  sublimes 
when  gently  heated,  and  is  difficultly  soluble  in  water  and 
alcohol.  When  heated  with  alcoholic  ammonia,  amidocaffeme^ 
G^HqCN'K^^ fi ,  is  formed,  a  body  crystallizing  in  fine  needles, 
and  which  can  be  distilled  without  decomposition.  It  is  easily 
soluble  in  strong  hydrochloric  acid,  and  is  precipitated  again  by 
water. 

When  bromcaffeine  is  boiled  with  alcohol  and  caustic  potash, 
ethoxy caffeine,  CgH9(OC2Hg)N402,  is  formed,  a  body  which 
yields  colourless  crystals,  melting  at  140°,  difficultly  soluble  in 
water,  but  dissolving  readily  in  alcohol. 

689  Hydroxy caffciney  Q'^^iOYL)^  f)^,  is  formed,  together  with 
ethyl  chloride,  when  a  hydrochloric  acid  solution  of  the  last- 
named  compound  is  warmed.  It  crystallizes  from  hot  water  in 
white  foliated  needles,  which  melt  at  about  350°.  It  is  an  acid 
yielding  a  crystalline  potassium  salt.  With  bromine  it  forms  an 
addition-product  which  is  very  unstable,  and  is  converted  by 
alcohol  into  diethoxyhydroxy caffeine,  Q^Q{0^)l^fi^{0G^^2' 
This  crystallizes  from  hot  alcohol  in  fine  prisms,  which  melt 
without  decomposition  at  about  200°,  and  it  is  also  easily  formed 
when  hydroxycaffeine  is  suspended  in  alcohol  and  bromine 
added.  On  evaporating  it  with  strong  hydrochloric  acid,  avo- 
caffeine,  C7H7N3O5,  is  formed,  a  body  crystallizing  in  opaque 
yjrisms  which  melt  at  147°— 148°.  On  boiling  with  water  it  is 
converted,  with  evolution  of  carbon  dioxide,  into  hypocaffeine^ 
CgH^NgOg,   which,   on  cooling,   is   deposited  in   large  crystals 

^  Ber.  Deutsch.  Clip.m.  Gcs.  xiv.  637  and  1905,  xv.  30. 
"  Zeitsch.  Clier.%.  1S67,  6U. 
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melting  at  181°.  It  is  an  acid,  and  a  very  stable  body,  not  acted 
upon  by  oxidizing  or  reducing  agents,  but  easily  attacked  by 
alkalis. 

Gaffolin,  CgHgNgOg,  is  formed  when  hypocaffeine  is  warmed 
together  with  baryta-water  or  acetate  of  lead.  It  crystallizes 
from  hot  water  in  long  white  prisms,  which  melt  at  194° — 196°, 
On  oxidation  with  alkaline  ferricyanide  of  potassium  solution  it 
yields  methyl-urea  and  methyloxamic  acid  : 

C5H9N3O2  -f  HgO  +  0  =  C^HgNp  +  C,H,N03. 

An  alkaline  permanganate  solution  oxidizes  it  to  ammonia, 
carbon,  dioxide,  and  dimethyloxamide. 

Gaffuric  Acid,  C^HgNgO^,  is  formed  as  a  by-product  in  the 
preparation  of  hypocaffeine.  It  is  easily  soluble  in  water,  and 
crystallizes  from  hot  alcohol  in  splendid  glistening  prisms,  which 
ef&oresce  on  exposure.  It  is  a  monobasic  acid,  and  on  heating 
with  lead  acetate  is  converted  into  mesoxalic  acid,  methylamine, 
and  methyl-urea : 

CfiH^NgO,  +  3H,0  =  CgH^O,  +  CH,N  +  G^H^N^O. 

On  reduction  it  is  converted  into  hydrocaffiiric  acid,  CgH^NgOg, 
crystallizing  in  needles,  and  melting  at  245°. 

690  Amalic  Acid  or  Tetramethyl-alloxantin,  Q^{QYi-^^fi^  + 
HgO.  It  has  already  been  stated  that  Rochleder,  by  acting  with 
chlorine  upon  caffeine  in  presence  of  water,  obtained  the  so-called 
amalic  acid,  this  name  being  derived  from  a/ictXi?,  weak,  "  to 
mdicate  the  weak  acid  nature  of  this  bodj^  as  well  as  the  slight 
affinity  with  which  its  elements  are  united."  According  to  Fischer 
it  is  best  obtained  by  the  following  process.  Fifteen  parts  of 
caffeine  are  dissolved  in  20  parts  of  hydrochloric  acid  of  specific 
gravity  1-19,  and  45  parts  of  water  warmed  to  50°.  To  this  7  parts 
of  potassium  chlorate  are  gradually  added,  till  a  clear  solution  is 
formed.  This  then  contains  methyl-urea,  dimethyl-alloxan, 
apocaffeine,  and  caffeic  acid  (Maly  and  Hinteregger).  On  eva- 
poration, the  dimethyl-alloxan  is  converted  into  tetramethyl- 
alloxan.  This  is  more  readily  obtained  if  the  hydrochloric  acid 
solution,  diluted  with  an  equal  volume  of  water,  be  treated  with 
as  much  sulphur  dioxide  as  is  sufficient  to  neutralize  the  free 
chlorine,  and  then  saturated  with  sulphuretted  hydrogen.  The 
precipitate  is  filtered  off  and  boiled  with  water,  and  on  cooling 
amalic  acid  separates  out  in  crystals,  whilst  methyl-urea  can  be 
prepared  from  the  first  filtrate. 
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Amalic  acid  is  difficultly  soluble  in  cold  water,  and  also  but 
slightly  soluble  in  hot  water,  and  it  forms  transparent  crys- 
tals. In  its  properties  it  resembles  alloxantin.  Sulphuretted 
hydrogen  reduces  it  to  dimethyl  dialuric  acid,  the  solution  of 
which  brought  together  with  dimethylalloxan  again  yields 
araalic  acid  (MaJy  and  Hinteregger),  When  brought  on  to  the 
skin  it  imparts  to  it  a  red  colour  and  a  disagreeable  smell ;  it  is 
coloured  dark  violet  by  alkalis,  and  yields  with  ferrous  sulphate 
and  the  addition  of  an  alkali,  an  indigo-blue  precipitate.  Heated 
alone  it  becomes  yellow,  and  afterwards  a  reddish-brown,  and 
then  dissolves  in  water  with  a  purple-red  colour.  In  the 
presence  of  air,  water,  and  ammonia  it  forms  mtirexo'in,  a  body 
which,  according  to  Gerhardt,  is  tetraviethyl-mttrexide,  Cg(CH3)4 
N50^(NHJ.  This  crystallizes  from  hot  water  in  scarlet-red,  four- 
sided  prisms,  of  which  two  of  the  surfaces  reflect  light  with  a 
golden  lustre.^ 

Test  f 07'  Caffeine.  The  formation  of  the  last-named  body  has 
been  employed  for  the  detection  of  caffeine  and  theobromine. 
The  substance  is  dissolved  in  chlorine  water,  and  evaporated  to 
dryness,  when  a  purple-red  residue  remains,  and  this  on  heating 
and  addition  of  ammonia  becomes  red  again.  In  this  way  the 
presence  of  caffeine  in  a  single  coffee-berry  can  be  detected. ^ 

When  amalic  acid  is  carefully  oxidized  with  nitric  acid) 
dimethylalloxan,  C4(CH3)2(OH)2N203  +  H20,  is  formed,  a  body 
crystallizing  in  thick  six-sided  tables,  and  staining  the  skin 
red,  but  not  imparting  to  it  a  disagreeable  smell.^ 

691  Caffcldine,  G^Yi^^f)^  is  formed  from  caffeine,  as  has 
been  stated,  by  loss  of  carbon  dioxide  and  addition  of  hydrogen. 
In  order  to  prepare  it,  caffeine  is  heated  with  ten  times  its 
weight  of  crystallized  barium  hydroxide,  dissolved  in  water, 
and  boiled  until  an  evolution  of  ammonia  and  methylamine  is 
noticed.  The  excess  of  baryta  is  then  thrown  down  by  dilute 
sulphuric  acid  and  the  solution  concentrated,  when,  on  standing, 
caffndine  siUphate,  G^K^2'Nfi,S0Ji^,  separates  out  in  thick 
needles.  The  free  base  which  is  prepared  from  the  salt  is  an 
oily  liquid,  soluble  in  water,  and  having  a  strongly  alkaline 
reaction,  and  decomposing  on  heating.  The  hydrochloride,  C7HJ2 
]Sr40,ClH,  crystallizes  in  needles,  and  yields  a  platinichloride  which 
crystallizes  from  water  in  large  orange-yellow  needles,  containing 

^  PtOcMeder,  Aim.  Chem.  Pharm,  Ixxi.  1,  Ixxiii.  56. 
^  Schwarzenbach,  Jahresh.  1861,  891  ;   1864,  7^0. 
^  Maly  and  Andreasch,  Monatsh.  iii.  92. 
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either  two  or  four  molecules  of  water.  Caffeidine  unites  with 
ethyl  iodide  to  form  the  compound  C7Hj3^(C2Hj^)N40IH,  and  the 
eihyl-caffeidine  which  can  be  obtained  from  this  is  capable 
of  again  uniting  with  ethyl  iodide.^ 


692  Like  uric  acid,  caffeine  contains  three  atoms  of  carbon 
which  are  directly  united  with  one  another,  and,  like  this  body,  it 
is  a  diureide  in  which  three  methyl  groups  occur.  In  addition  to 
this,  caffeine  contains  one  atom  of  hydrogen  capable  of  being 
replaced  by  chlorine,  bromine,  hydroxyl,  &c.,  and  lastly  its  power 
to  form  addition-products  shows  that  two  of  its  carbon  atoms 
are  connected  by  double  linkages.  From  these  considerations, 
from  the  reactions  already  treated  of,  and  from  the  fact  of  its 
artificial  formation  from  xanthine,  the  following  constitutional 
fortnulse  for  some  of  the  above-mentioned  caffeine  compounds 
are  derived  : 


Xanthine. 

HN— CH 

I      II 
CO  C— NH 

HN— CZIN 


Guanine. 

HN CH 

I  II 

CZINH  C— NH 


HN 


.00 


■c:iN 


Theobromine. 

CH3.N— CH 

!      II 
CO  0— N.CHg 

\co 

HN— CZIN 

Oxycaffeine. 

CH„.N— C.OH 

I      II 
CO  C— N.GH, 


Nco 


CH3.N-C~N 


Caffeine. 

CH,.N— CH 

I      II 
CO  C— N.CH3 

\co 
CH3.N— cz:n 

D  laethohy  droxycafFeiue. 

/OH 
CH3.N— C< 

\OC,Hg 


coc< 


OC.Hg 
-N.CH3 

Nco 


CH,.N— C^N 


1  S.  Schmidt,  Ber.  Deutsch.  Chem.  Ges.  xiv.  816. 
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Caffuric  Acid.  .  Caffolin. 

CO.OH 

ho.c-n.ch3  ho.cs— n.ch3 

h(ch,)n.cz:n  h(CH3)n.c  =  n 

Caffeidine. 

H(CH3)N— GH 

C— N.CH3 

H(CH3)N— C=N 

As  xanthine  can  be  easily  obtained  from  guanine  it  may 
prove  possible  to  prepare  theobromine  and  caffeine,  substances 
whicb  are  constituents  of  several  important  articles  of  food, 
from  guano. 


GUANAMINES. 

693  These  weak  bases  may  conveniently  be  described  here,  as 
they  contain  besides  acid  residues  also  the  residue  of  guanidine, 
which  can  be  transformed  into  a  urea-residue  by  the  replaxie- 
ment  of  the  imido-group  by  oxygen. 

The  first  known  member  of  this  group  was  obtained  by 
Nencki^  by  heating  guanidine  acetate,  and  termed  by  him 
guanamine ;  he  explained  its  formation  by  the  following 
equation : 

3CH5N3.C2H4O2  =  C4H7N5  +  2C2H,02.NH3  +  CO2  +  2NH3. 

He  found  afterwards  that  guanidine  formate  yields  the  lower 
homologue,  and  to  this  he  gave  the  name  oi  formo-guanamine, 
distinguishing  the  first  obtained  body  as  aceto-guanamine.^ 

According  to  Weith,  the  following  equatipns  represent  the 
mode  of  formation  of  these  bases: 

(1)  CH3.CO.OH  +  2C(NH)(NH2)2  = 

//N.C(NH)NH2 
CH3.cf  +  2H2O 

^NH.C(NH)NH2 

*  Ber.  DeiUsch.  Chmn.  Gcs.  vii.  ,77-5    -  ^  Ih.  1584. 
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^N.C(NH)NH,  .     .      N  .  C  r.  NH 

(2)  CH3.0/  =  CH3.C  >NH  +  NH„. 

\NH.C(NH)Nn,         >■     ■\nh.c"1nH 

The  water  which  is  formed  decomposes  a  part  of  the  guanidine 
with  formation  of  ammonia  and  carbon  dioxide,  whilst  the  excess 
of  acetic  acid  forms  ammonium  acetate.^ 

N^ncki  afterwards  prepared  higher  homologues  of  this  gromp. 
He  then  distinguished  the  first  member  of  the  series  by  the 
name  of  guanamine  simply ;  whilst  aceto-^guanamine  he  termed 
methylene-guanamine,  and  to  the  butyro-guanamine  he  gave  the 
name  of  propylene-guanamine.^  As,  however,  the  higher  mem- 
bers of  this  series  differ  from  the  first  by  the  replacement  of 
one  atom  of  hydrogen  in  the  methenyl  group  by  alcohol  radicals, 
these  compounds  may  appropriately  be  designated,  as  has  been 
suggested  by  Henry  Watts,  by  the  names  guanamine,  methyl- 
guanamine,  propyl-guanamine,  &c? 

Gilanamine,  or  Formo-gtcanaminej  C3H5N5,  crystallizes  from  hot 
water  in  rhombic  needles,  which  melt  at  350°,  and  have  a  faintly 
alkaline  reaction.  Its  salts  crystallize  well,  and  are  for  the  most 
part  readily  soluble.  The  oxalate,  C3H5N5.G2H2O4,  however,  is 
a  crystalline  precipitate  which  is  insoluble  in  cold,  and  but 
slightly  soluble  in  hot,  water. 

Methyl- guanamine,  or  Aceto-guanainine,  C^^>jN^y  is  obtained  by 
gradually  heating  guanidine  acetate  until  the  residue  boils 
constantly  at  228° — 230°.  It  is  kept  at  this  temperature  for 
about  fifteen  minutes,  allowed  to  cool,  and  the  residue  then 
extracted  with  a  small  quantity  of  hot  water.  On  cooling,  the 
acetate  separates  out  as  a  jelly,  which  is  pressed,  and  -then 
decomposed  with  caustic  soda  solution. 

Methyl-guanamine  is  only  slightly  soluble  in  cold  water,  but 
dissolves  readily  in  hot  water  and  in  alcohol.  It  crystallizes  from 
aqueous  solution  ■  by  rapid  cooling  in  mother-of-pearl  glistening 
scales,  whilst,  when  slowly  cooled,  large  rhombic  plates  or  needles 
are  deposited,  containing  water  of  crystallization,  which  they 
readily  tosef  iii  contact  ^with  air.  It  is  tasteless,  has  a  faintly 
alkaline  reactidii,  and  yields  salts  which  crystallize  well. 

MethyUguanamine  is  not  poisonous,  and  after  administration 
passes  imChanged  through  the  animal  organism  into  the  urine. 

Guanamine  hydrochloride,  C4H7N5,HC1  +  2H2O,  crystallizes 

^  Ber.  Deutsch.  Ghem.  Ges.  ix.  458  ;  Nencki,  ib.  1013.  ^  75^  228. 

3  DicU  Chcmietry,  Suppl.iii.  901. 
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in  monoclinic  prisms  or  tables.  The  platinichloride  is  a  yellow 
crystalline  powder,  which  dissolves  readily  in  water. 

Guanid,  CJlo^fi,  is  formed  by  boiling  methyl-guanamine  with 
concentrated  potash  solution  : 

It  is  a  chalk-white  crystalline  powder,  practically  insoluble  in 
water  and  alcohol.  It  dissolves  readily,  however,  in  the  fixed 
alkalis,  and  with  mineral  acids  yields  crystalline  readily-soluble 
salts.  Its  constitution  is  probably  expressed  by  the  following 
formula : 

,N C=:NH 

CH,.c  Nnh 

\nh— CO 

Giianamide,  CJI^l^fi^,  is  formed  by  heating  methyl-guana- 
mine  with  concentrated  sulphuric  acid.  It  dissolves  readily  in 
water,  alkalis,  and  acids,  and  crystallizes  from  hot  alcohol  in 
small  rhombic  needles.  Nitric  acid  oxidizes  it  to  cyanuric 
acid.  When  heated  with  bromine,  it  yields  tribromgiianamide, 
C^HgBrgNgOj,.  which  forms  small  crystals  insoluble  in  water, 
and  when  boiled  in  contact  with  this  liquid  it  splits  up  into 
cyanuric  acid  and  bromoform.^  The  constitution  of  guanamide 
is  shown  by  the  following  formula : 

V 

^  V 

CH,.C  >NH. 

\nh~co 

Nencki  and  Baudrowski  have  prepared  the  following  members 
of  the  guanamine  series.^ 

M.P. 
r  f         'A  A  (    Sublimes 
Propyl-guanamine,  C3H,.C3H,N5  ]     tables     1      '^'^^'*'''* 

^  ■    (^      melting. 

Isopropyl-guanamine,  (CH3)2CH.C3H4N5  rhombohedrons    — 

Isobutyl-guanamine,  (CH3),C,H3.C3H,N,  { "^^^^^^  }    172°-175° 

(  microscopic  \ 
Amyl-guanamine,  (CH3),C3H5.C3H4N5-|    quadratic   lVlT-\W 

\  pyramids.  / 

^  Ber,  Deufsch   Chem,  Ges.  ix.  232. 
^  Ih.  ix.  228  and  240. 
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694  When  three  atoms  of  hydrogen  in  a  paraffin  are  replaced  by 
chlorine,  bromine,  hydroxyl,  &c.,  compounds  are  obtained  which 
may  be  looked  upon  as  derived  from  triad  alcohol  radicals.  Of 
such  compounds  many  have  been  described  in  the  foregoing 
pages.  Thus,  for  example,  chloroform  or  methenyl  trichloride, 
CHCI3;  ethyl  orthoacetate,  CH3.C(OC2H5)3,  &c.  The  reasons 
of  this  classification  are  that  these  bodies  not  only  stand  in  close 
connection  to  the  compounds  under  which  they  have  been 
described,  but  that  the  corresponding  alcohols  are  not  known 
inasmuch  as  compounds  which  contain  more  than  one  hydroxyl 
combined  with  carbon  do  not  exist,  or,  at  any  rate,  are  very 
unstable  bodies.  Up  to  within  recent  years  only  one  alcohol 
belonging  to  this  group  was  known,  namely  propenyl  alcohol, 
glycerol,  or  glycerine.  At  present  several  others  belonging 
to  the  same  group  have  been  obtained,  but  they  have  as  yet 
been  but  imperfectly  studied.  There  is,  therefore,  less  necessity 
than  there  otherwise  would  be  for  a  general  description  of  these 
bodies  and  their  derivatives.  The  triad  radicals  themselves,  it 
may  be  remarked,  are  not  known  in  the  isolated  state. 


PROPENYL  ALCOHOL,    GLYCEROL,  OR   GLYCE- 
RINE, CaH^lOH)^. 

695  Scheele,  in  1779,  when  preparing  lead  plaster  by  heating 
olive  oil  with  litharge,  obtained  a  soluble  sweet-tasting  substance, 
and  in  1784  he  found  that  the  same  principle  could  be  got  from 
other  oils,  as  well  as  from  butter  and  lard.  To  this  material 
he  gave  the  name  of  "the  sweet  principle  of  fats,"^  and  it  after- 
wards bore  the  name  of  Scheele's  sweet  principle  or  oil-sugar. 

^  Opusc.  ii.  175. 
186 
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Later  on  it  was  more  carefully  investigated  by  Chevreul,  who 
determined  its  composition  with  tolerable  exactitude,  and  gave 
to  it  the  name  which  it  bears  of  glycerine,  or,  as  we  now  prefer 
to  term  it,  glycerol.^  The  formula  of  the  body  was,  however,  first 
determined  by  Pelouze,  whose  experimental  results  corroborated 
Chevreul's  views,  that  the  fats  are  ether-like  compounds  of  the 
fatty  acids.^  From  this  time  glycerol  was  looked  upon  as  a 
compound  analogous  to  alcohol,  but  the  views  respecting  its 
constitution  were  somewhat  undecided.  Berzelius  supposed 
that  it  contained  the  radical  lipjl,  C^R.^,  which  afterwards  united 
with  oxygen  to  form  li^jyl  oxide,  C^H^O,  and  he  believed  that  two 
molecules  of  this  united  with  three  of  HO,  forming  the  hypo- 
thetical anhydrous  glycerol,  C^R^  0^,  which  with  water  forms  its 
hydrate,  free  glycerol  CqR^O^,RO.  According  to  Liebig  the 
radical  glyceryl,  C^H^j,  forms  the  starting-point  of  the  body.  This 
yields  the  oxid%  C^R^fl^,  which  again  combines  with  water  to 
form  the  hydrate  of  glyceryl  oxide. 

It  was  not  until  the  extended  researches  of  Berthelot  and 
de  Luca,  which  will  be  referred  to  further  on,  that  a  clear  light 
was  thrown  upon  the  constitution  of  glycerol.  According  to 
Berthelot  it  stands  to  ethyl  alcohol  in  the  same  relation  as 
ortho-phosphoric  does  to  nitric  acid.^  It  was  Wurtz,  however, 
who  proved  that  glycerol  is  the  alcohol  of  a  triad  radical^ 
to  "which,  instead  of  glyceryl,  he  gave  the  more  suitable  name  of 
propenyl,  in  order  to  show  its  relation  to  propyl  and  propylene. 

696  Preparation.  Most  of  the  fats  and  oils  occurring  in  the 
animal  and  vegetable  kingdoms  are  propenyl  ethers  of  the  fatty 
acids,  and  of  those  of  the  series  0^11211.202'  ^^^  many  of  these  may 
be  employed  for  the  preparation  of  these  acids  and  of  glycerol.  This 
latter  compound  is  also  a  product  of  the  alcoholic  fermentation  of 
sugar,  and  is  contained  in  beer  and  wine.  It  may  likewise  be  pre- 
pared, according  to  the  method  of  Scheele,  who  gives  the  following 
description.  "  It  is  not  generally  known  that  all  solid  oils  obtained 
by  pressure  contain  a  natural  sweet  principle  which  differs  in 
jts  special  relations  and  properties  from  the  other  well-known 
;saccharine  materials  occurring  in  the  vegetable  kino-dom.  This 
,  sweet  principle  makes  its  appearance  when  oils  of  the  kind  are 
boiled  with  litharge  and  water  until  the  whole  of  the  litharge 

^  Recherches  sur  Us  corps,  gras.  d-c.  209  and  338. 
2  Ann.  Chem.  Fharm.  xix.  210  ;  xx.  46. 
^  Comptcs  EenduSj  xxxix.  745. 
*  Ann.  Chim,  Fkys.  [3],  xliii.  492. 
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is  dissolved  by  the  oiL  Water  is  then  poured  upon  the 
emplastrum  sim'plex  thus  formed,  the  whole  boiled  for  a  few 
minutes,  and,  on  cooling,  the  liquid  is  filtered  off  from  the 
plaster,  and  boiled  until  the  residue  becomes  syrupy."  ^  This 
method  of  preparation  was  used  for  many  years  with  the  sole 
alteration  that  sulphuretted  hydrogen  was  passed  through  the 
solution  in  order  to  free  it  from  lead.  As,  however,  towards  the 
middle  of  the  present  century,  the  use  of  glycerol  for  a  great 
variety  of  purposes  became  extended,  it  was  found  necessary  to 
obtain  it  in  large  quantities.  It  did  not  appear  possible  at  that 
time  to  prepare  it  from  the  soap-boilers  leys,  in  which  it  is 
contained  in  very  dilute  solution,  mixed  with  alkali  and  common 
salt.  On  the  other  hand,  it  proved  easy  to  obtain  it  as  a  by- 
product in  the  manufacture  of  stearic  acid,  and  the  two 
manufactures  were  easily  worked  side  by  side. 

The  saponification  of  the  fats,^  which  are  glycerides  of  palmitic, 
stearic,  and  oleic  acids,  such  for  example  as  tallow,  palm-oil,  &c. , 
may  be  carried  out  in  many  ways,  as,  for  example,  by  distillation 
in  a  current  of  superheated  steam,  when  the  fat  decomposes 
into  the  fatty  acid  and  glycerol  with  assumption  of  the  elements 
of  water.  This  process,  however,  has  only  come  into  partial  use ; 
the  one  which  is  now  most  generally  employed,  with  certain 
modifications,  being  that  known  as  Milly's.  For  this  purpose 
the  fat  is  gradually  heated  to  150°  with  from  2  to  3  per  cent, 
of  sulphuric  acid,  and  then  distilled  with  water  under  pressure, 
or  sunply  heated.  The  sulphuric  acid  is  removed  from_  the 
aqueous  solution  of  glycerol  thus  obtained,  by  lime  or  barium 
carbonate,  and  the  solution  concentrated.  Another  process  by 
which  a  purer  product  is  obtained  is  that  of  lime  saponification, 
the  fat  being  heated  with  lime  and  water  in  closed  boilers,  and  the 
lime  soap  thus  formed  decomposed  by  hydrochloric  acid,  whilst 
the  glycerol  solution  is  exactly  neutralized  with  sulphuric  acid 
in  order  to  precipitate  the  lime,  and  then  evaporated. 

In  order  to  purify  commercial  glycerol  it  is  diluted  to  a 
specific  gravity  of  1-07,  decolourized  by  means  of  animal  charcoal, 
concentrated  in  a  vacuum  pan,  and  this  operation  repeated  if 
necessary.  The  refined  glycerol  thus  obtained  is,  however,  by  no 
means  a  pure  product,  and  is  inapplicable  to  certain  uses. 

^  Samtt  Werke,  DeuiscTi.  von  RermhstdcU,  1793,  ii.  355.  , 

"  By  the  term  saponification  was  originaUy  meant,  of  course,  the  converaon  ol 
fat  into  soap.  At  the  present  time  the  word  is  used  to  express  generally  the 
decomposition  of  an  ethereal  salt  into  an  alcohol  and  an  acid. 
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The  most  important  improvement  in  the  glycerol  industry  was 
made  in  1855,  when  Wilson  and  Payne  patented  a  process  for 
purifying  this  substance  by  distillation.  A  current  of  steam  at 
a  temperature  of  100°  to  110°  is  passed  through  glycerol  which 
has  been  concentrated  at  as  low  a  temperature  as  possible  to 
a  specific  gravity  of  1*15,  and  this  process  continued  until  the 
distillate  has  no  acid  reaction.  The  temperature  of  the  super- 
heated steam  is  then  raised  from  170°  to  180°,  and  the  vapours 
of  glycerol  and  water  which  pass  over  are  collected  in  a  series  of 
condensers  surrounded  by  non-conducting  surfaces,  so  that  the 
pure  glycerol  collects  in  the  first  condenser,  whilst  the  second 
contains  a  mixture  of  glycerol  and  water,  and  the  last  water 
alone.  This  process  was  first  carried  out  on  the  large  scale 
by  Price's  Patent  Candle  Company,  and  the  glycerol  thus 
obtained  is  known  in  commerce  as  "  Price's   glycerine." 

Another  mode  of  purification  which  yields  an  excellent  product 
is  that  introduced  in  1871  by  Messrs.  Sarg,  Son,  &  Co.,  of  Vienna. 
In  this  case  glycerol  is  cooled  down  from  0°  to  +  5°,  and  a  small 
quantity  of  crystallized  glycerol  added.  This  produces  crystal- 
lization of  the  mass,  which,  according  to  its  purity,  becomes 
wholly  or  partially  solidified.  The  crystals  which  are  then 
broken  up  are  freed  from  the  mother-liquor  by  drying  in  a 
centrifugal  sieve. 

Distilled  glycerol  often  possesses  a  peculiar  rough  taste  and 
in  this  case  requires  to  be  further  purified  by  crystallization. 

A  new  process  for  obtaining  glycerol  from  soap  leys  has  been 
proposed  by  Clolus.  The  leys  are  neutralized  with  hydrochloric 
acid  in  order  to  separate  out  any  fatty  acid.  The  filtrate  is  then 
evaporated  until  it  attains  a  specific  gravity  of  1"27,  and  the 
salt  which  separates  out  is  removed  by  means  of  a  centrifugal 
sieve.  The  solution  is  treated  with  hot  air,  and  the  salt  again 
allowed  to  crystallize  out.  The  last  traces  of  common  salt  are 
then  removed  by  addition  of  fuming  hydrochloric  acid,  and  this 
got  rid  of  by  a  current  of  hot  air  or  by  means  of  lead  oxide.  If 
the  leys  are  strongly  alkaline,  they  are  first  treated  with  carbon 
dioxide  in  order  to  separate  out  bicarbonate  of  soda,  and  the 
operation  condiicted  as  described.  The  impure  glycerol  is  then 
purified  by  distillation  or  crystallization.^  Several  other  processes 
for  extracting  glycerol  from  soap  leys  have  been  patented.^ 

^  Ber.  Deutsch.  Ckem.  Ges.  xv.  402. 

^  lb.  XV.  548,  1097.  For  list  of  patents  concerning  extraction  of. glycerol  from 
soap  leys,  see  Jowmal  of  Society  of  Chemical  Industry,  1882-3. 
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It  was  formeriy  supposed  that  the  various  fats  did  not  contain 
the  same  glycerol  but  that  in  all  probability  homologous  glycerols 
were  contained  in  them.  This,  however,  has  been  shown  not  to 
be  the  case.^ 

Synthesis.  Glycerol  was  first  obtained  synthetically  by  Friedel 
and  Silva.  For  this  purpose  acetone  is  converted  into  isopropyl 
alcohol;  this  is  then  trausformed  into  the  iodide  from  whicli 
propylene  can  be  prepared.  On  heating  the  dichloride  with 
chloride  of  iodine  propenyl  trichloride  is  obtained,  and  this,  on 
heating  with  twenty  times  its  volume  of  water  to  160°,  is 
converted  into  glycerol.^ 

697  Properties.    Glycerol  is  a  thick  liquid  having  a  pure  sweet 
taste.     It  rapidly  absorbs  moisture  from  the  air,  and  is  miscible 
with  water  and  alcohol  in  every  proportion,  but  is  insoluble   in 
ether  and  chloroform.     When  quickly  cooled  it  does  not  crystal- 
lize, but  solidifies  at  —  40°  to  a  gum-like  mass.     It  was  not 
believed  to  be   crystallizable    until   crystals   were  accidentally 
observed^  in  the  winter  of  1867.     Since  that  time  it  has  been 
found  that  if  it  be  allowed  to  stand  in  a  sufficiently  concentrated 
condition   at  0°,  crystals  form  after  some  days,  or  it  may  be 
after  some  weeks.     These  have  the  appearance  of  sugar-candy 
and  belong  to  the  rhombic  system.     They  are  hard  and  gritty 
between  the  teeth,  but  deliquesce  on   exposure  to  air.     Their 
melting-point  has  been  differently  stated,  probably  depending 
on  the  fact  that  they  are  very  hygroscopic.     The  highest  melt- 
ing point  was  found  by  Kraut  to  be  22° — 22°-6.     This,  however, 
he  believes  to  be  too  low>     Pure  glycerol  has  a  specific  gravity 
at  12°  of  1-269  and  boils  at  290°,  a  small  quantity   of  poly- 
glycerols    (see    p.  351)    being,    however,   formed,^      Under   a 
diminished  pressure  of  50  mm.  it  boils  at  210°.     Nevertheless, 
it  evaporates  to  an  appreciable  extent  at  100°,  and  hence  care 
must  be  taken  in  the  determination  of  glycerol  in  beer,   wine, 
'fee.     Lentz®  has  constructed  tables  giving  the  specific  gravity 
of  mixtures  of  glycerol  and  water. 

In    presence    of    salts    it    decomposes     on    heating,    with 
formation   of    a   variety  of  products,  amongst  which  strongly 

"*  Hofmann,  Journ,  Chem,  Soc.  xiii.  71. 
^  Bull.  Soc.  Ckim.  xx.  98. 

^  Crookes,   Chem.  News,  xv.   26  ;  Gladstone,  Journ.    Chem.  Soc.  [2],  v.  384 ; 
Sarg,  Zeitsch.  Chem.  1867,  70. 

*  Ber.  Entw.  Chem.  Ind.  ii.  512. 

®  Bolas,  Journ.  Chsm.  Soc.  [2],  ix.  84. 

*  Fresenius'   Zeitsch.  xix.  302. 
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smelling  acrolein,  C^H^O,  always  occurs.  When  heated  to 
150°  glycerol  takes  fire,  burning  with  a  steady  blue  but  non- 
luminous  flame,  and  glycerol  when  not  too  much  diluted  with 
water  may  be  burnt  like  oil  by  means  of  a  wick.^ 

If  a  particular  species  of  schizomycetes  be  added  to  a  toler- 
ably dilute  aqueous  solution  of  glycerol,  together  with  calcium 
carbonate  and  the  materials  necessary  for  the  growth  of  the 
plant,  fermentation  takes  place,  butyric  and  caproic  acids  and 
butyl  alcohol  being  formed,  together  with  a  very  small  quantity 
of  propyl  alcohol  and  ethyl  alcohol  (Fitz).  In  addition  to  these 
products  trimethylene  glycol  (Freund,  see  p.  130)  and  phoron, 
CgHj^O,  (Part  I.,  p.  572)  are  also  formed.  The  latter  is  like- 
wise produced  when  a  mixture  of  quicklime,  zinc-dust,  and 
glycerol  is  heated  in  a  current  of  hydrogen  to  a  point  not  quite 
reaching  a  red-heat.^  Another  schizomycetes  {Bacillus  suUilis) 
yields,  on  the  other  hand,  mainly  ethyl  alcohol  and  butyric 
acid.^ 

Many  metallic  oxides  dissolve  in  glycerol ;  amongst  these  are 
the  alkaline  earths,  lead  oxide,  cupric  oxide,  and  ferric  oxide. 
Many  salts,  especially  deliquescent  ones,  also  dissolve  in  it,  as 
well  as  some  which  are  not  deliquescent,  as  saltpetre,  silver 
nitrate,  tartar  emetic,  mercuric  iodide,  gypsum,  (fee. 

Cold  nitric  acid  oxidizes  glycerol  to  glyceric  acid.  At  the 
same  time  formic  acid,  glycollic  acid,  giyoxylic  acid,  and 
racemic  acid,^  oxalic  acid,  tartronic  acid,  mesotartaric  acid  and 
hydrocyanic  acid  are  formed. 

The  formation  of  racemic  (doubtless  glycotartaric)  and  meso- 
tartaric acids  can  readily  be  explained.  On  oxidation  of 
glycerol  the  first  products  are  either  glyoxal  or  aldehydic  acid, 
C0H.CH(OH).G02H,  both  of  which  are  converted  into  a  tartaric 
acid  by  the  action  of  hydrocyanic  acid.^ 

Glycerol  is  largely  used  for  a  variety  of  purposes  ;  by  far  the 
largest  amount  employed  in  the  manufacture  of  nitro-glycerol. 
It  is  also  used  as  an  article  of  food,  being  easily  digestible  and 
tasting  like  cane  sugar,  from  which,  however,  it  is  distinguished 
inasmuch  as  it  does  not  enter  into  fermentation  under  the  same 
conditions  as  this  latter  body  does,  and  also  as  its  solutions  do 
not  dry  up  or  crystallize.     Hence  it  finds  its  way  to  the  cellars 

^  GodefFro3%  Bcr.  Detiisch.  Chem.  Ges.  vii.  1566. 

^  Schulze,  Ber.  Deutsch.  Chem.  Ges.  xv»  64.  ^  pitz,  ih.  xi.  1892. 

^  Heintz,  Ann.  0/iem.  Pkarm.  clii.  325. 

^  Przybytek,  £€7\  Deutsch,  Che^n.  Ges.  xiv.  2071. 
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of  the  brewer  and  wine-dealer,  as  it  is  used  to  *'  improve  "  the 
quality  of  wine,  and  is  said  to  impart  keeping  power  to  beer.^ 
It  is  also  employed  in  the  manufacture  of  lemonade,  liqueurs, 
fruit  preserves,  vinegar,  mustard,  &c.  The  fact  that  it  prevents 
access  of  air  to  bodies  with  which  it  is  covered  makes  it  useful, 
instead  of  oil,  for  greasing  the  parts  of  moving  machinery,  whilst 
its  hygroscopic  properties  render  it  available  for  preventing 
the  drying  up  of  copying  ink,  of  snuff,  and  microscopic  pre- 
parations, &c.  For  the  same  reason  it  has  been  also  employed 
in  working  up  vegetable  and  animal  fibre,  and  is  also  used, 
either  alone  or  in  combinatio  n  with  soap,  as  a  means  of 
rendering  the  skin  supple,  and  it  has  proved  especially  valu- 
able in  hot  countries  in  allaying  the  inflammatory  effects  of 
heat  upon  the  skin.^  A  mixture  of  equal  weights  of  glue 
softened  in  water,  and  of  glycerol  of  specific  gravity  1*225,  when 
heated  together  form  an  elastic  mass  used  for  casting  stereotype 
plates. 

Mixtures  of  glycerol  and  water  solidify  at  a  lower  tempera- 
ture than  pure  water.  •  Thus,  for  example,  a  50  per  cent, 
solution  having  a  specific  gravity  of  1127  solidifies  at  —  31°.^ 
For  this  reason  such  a  mixture  has  been  used  for  filling  gas- 
meters  ;  this  not  only  preventing  the  freezing  but  also  the 
evaporation  of  the  liquor. 

698  Sodium  Fropenylate^  Q^^{0'E)^0'^d.,  is  best  obtamed  by 
mixing  glycerol  with  a  solution  of  sodium  in  alcohol  when  it 
deposits  in  small  crystals  grouped  in  stellar  groups  which  con- 
tain a  molecule  of  alcohol.  This  latter  is  evolved  at  100°,  the 
sodium  compound  remaining  behind  as  a  white  deliquescent 
powder.  It  is  also  obtained  by  acting  with  sodium  amalgam 
on  glycerol ;  sodium  itself  only  acts  slightly  in  the  cold,  but 
when  warmed  the  action  is  so  violent  that  the  mass  becomes 
strongly  heated  and  the  whole  carbonizes.* 

Disodium  Fro'penylate,  C3H5(ONa)20H,  is  obtained  when  the 
foregoing  compound  is  heated  with  sodium  ethylate  and  absolute 
alcohol.     It  forms  a  white  very  deliquescent  mass.^ 

Glycerol  also,  like  sugar,  combines  with  lime  to  form  a  soluble 
compound,^  and  likewise  with  strontia  and   baryta.     We  are, 

^  Kraut,  loc.  cit.  509. 

^  Jb.  510. 

^  Fabian,  Dingler's  Polyt.  Journ.  civ.  345, 

*  Letts,  Chem.  Soc,  Journ.  xxv.  450. 

^  Loebisch  and  Looss,  Monatsch.  Chem.  ii.  842. 

*  Carles,  Phana.  Journ.  Trans.  [3],  iv.  550. 
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moreover,  acquainted  with  soluble  glycerates  which,  together 
with  ^potassium,  contain  iron,  copper,  or  bismuth,^  but  none  of 
these  compounds  have  as  yet  been  obtained  pure. 

Dipropcnyl  Sodium  Manganiie,  (C3H5)2Na2MnOg.  This 
singular  ■  compound  is  formed  when  freshly  precipitated  man- 
ganese dioxide  is  heated  with  caustic  soda  and  glycerol.  In  the 
moist  state  it  is  of  a  bright  scarlet  colour  and  forms  when  dry  a 
light  yellowish-red  indistinctly  crystalline  powder.  It  possesses 
a  weak  alkaline  and  somewhat  astringent  taste.  It  is  insoluble 
in  alcohol  but  dissolves  in  a  mixture  of  equal  volumes  of  alcohol 
and  glycerol,  yielding  a  deep  blood-red  colour.  Its  aqueous 
yellowish-red  solution  decomposes  easily  with  separation  of 
manganese  dioxide.  The  corresponding  potassium  compound  is 
only  known  in  solution.  It  has  a  deep  ruby-red  colour  and  is 
not  precipitated  by  alcohol. 

TrijJ^vjJenyl  Strontium  Manganite,  {C.^^Jfl'Wj^TM.nOQ.  This 
is  a  light  ochre-yellow  crystalline  substance  which  readily  falls 
into  powder.  It  is  insoluble  in  alcohol  and  is  almost  instantly 
decomposed  by  water,  and  possesses  a  strongly  alkaline  reaction 
and  a  disagreeable  metallic  taste. 

Manganese  dioxide  dissolves  in  solutions  of  calcium  hydroxide 
or  caustic  baryta  in  glycerol,  yielding  a  yellowish-red  colour,  but 
the  compounds  thus  formed  have  not  been  obtained  in  the  solid 
condition.^ 

C99  Detection  of  Glycerol  in  Beer,  &c.  The  action  of  glyc^erol  on 
borax  is  peculiar,  as  it  takes  up  free  boracic  acid  from  this  sub- 
stance. Hence  this  reaction  is  very  well  adapted  to  indicate  the 
presence  of  glycerol  in  beer,  wine,  &c.  For  this  purpose  50  to 
100  cc.  is  evaporated  to  dryness,  extracted  with  absolute  alcohol, 
the  alcoholic  extract  again  evaporated  and  the  residue  dissolved 
in  a  few  drops  of  water.  The  solution  is  made  slightly  alkaline 
with  carbonate  of  soda  and  a  bead  of  borax  dipped  into  it. 
This  is  then  brought  into'  the  flame,  to  which  a  green  colour 
is  imparted  if  any  glycerol  be  present.  If  ammonium  salts  are 
present  the  ammonia  must  be  first  removed  by  heating  the 
solution  with  sodium  carbonate.^ 

^  Puis,  Joum.  Prakt.  Chem.  [2],  xv.  83. 

2  Schottlander,  Ann.  Chem.  Pharm.  civ.  230. 

3  Senier  aud  Low,  Joum.  Chem.  Soc.  1878,  i,  438, 
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OXIDES    AND    ETHERS    OF    PROPENYL. 

700  Glycide  Alcohol,  CgHgOg.  This  monad  alcohol,  generally 
known  as  glycide,  is  formed  by  decomposition  of  its  acetate  ^  as 
well  as  by  the  action  of  baryta  on  propenyl  chlorhydrin  :  ^ 

CH2CI  CHg. 

I  I     >o 

CH.OH    =    CH/         +     HCl. 

i  r 

CH2.OH        CH^-OH 

The  latter  mode  of  formation  corresponds  to  that  of  propylene 
oxide  from  its  chlorhydrin. 

Glycide  alcohol  is  a  liquid  boiling  at  161° — 163°,  and  having 
a  specific  gravity  at  0°  of  1*165.  It  is  soluble  in  water  and 
combines  with  it  to  form  glycerol. 

Folyglycerols  are  formed  by  the  action  of  glycid  alcohol  or 
propenyl  chlorhydrin  on  glycerol.  They  are  viscous  liquids,  of 
which  the  following  two  have  been  obtained  in  a  tolerably 
pure  state  :  ^ 

B,P.  under 
10  mm.  pressure. 

C3H,(0H), 

Diglycerol,  0<  220°-230° 

\C3H,(0H), 

C3H,(0H), 

Triglycerol,     >C3H,(0H)      275°-285° 
\C3H,(0H), 

Propenyl  Oxide,'  (03115)203.  This  compound,  which  is  commonly 
known  as  glycerine  ether,  was  first  observed  by  Berthelot  and  de 
Luca,  but  not  further  examined  by  them.*  It  is  also  formed  when 
glycerol  is  distilled  with  calcium  chloride,^  and  occurs  as  a  by- 
product in  the  preparation  of  allyl  alcohol   from  glycerol  and 

1  Gegerfeldt,  Bull.  Soc.  Chim,  xxiii.  160  ;  Breslauer,  Joicrn.  FraU  Chem.  [2]  xx. 
■  Hanriot,  Ann.  Chim.  Fhys.  [5],  xvii   112. 
^  Louren90,  Ann.  Chim.  Phys.  [3],  Ixvii.  299. 

*  Ann.  Chim.  Phys.  [3],  xliii.  279.  ... 

*  Linnemann  and  v.  Zotta,  A7m.  Chem.  PJiarm.  Suppl.  viii.  2o4  ;  v.  Zotta, 
Ann.  Chem.  Pharm.  clxxiv.  90. 
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oxalic  acid.i  It  is  likewise  obtained,  together  with  other  products, 
when  glycerol  is  distilled  with  two  per  cent,  of  sal-ammoniac.^ 
It  is  a  liquid  boiling  at  171° — 172°,  and  having  a  specific  gravity 
of  1*16  at  16°.  It  is  soluble  in  water,  and  combines  with  it  at 
100°  to  form  glycerol.  If  it  be  saturated  at  0°  with  hydriodic 
acid  it  decomposes,-  in  an  analogous  way  to  the  other  ethers, 
into  glycerol  and  propenyl  tri-iodide,  which  latter  substance, 
however,  decomposes  into  iodine  and  allyl  iodide,  CgHgl.^  Hence 
it  possesses  the  following  constitution : 

CH,— 0— CH. 

I        r 

CH  — 0  — CH 

!  I 

CH— 0— Cil^ 

It  is  remarkable  that  in  its  preparation  by  means  of  calcium 
chloride  a  small  quantity  of  phenol,  CgHgO,  a  body  belonging 
to  the  aromatic  series,  is  formed,  together  with  other  products. 

Ethyl  Propenyl  Ether,  or  Glycerol  Monethylin,  C3ll5(OH)20C2H5, 
is  formed  by  the  action  of  sodium  ethylafe  on  propenyl  chlor- 
hydrin,  and  is  a  body  boiling  at  225° — 230°,  soluble  in  water,  and 
separating  out  again  on  the  addition  of  carbonate  of  potash.* 

Diethyl  ProiMnyl  Ether  or  Glycerol  Diethylin,  C3H5(OH)- 
(OCoHg)^,  is  obtained  by  heating  glycerol  with  ethyl  bromide 
and  caustic  potash,^  as  Avell  as  by  the  action  of  sodium  ethylate  on 
propenyl  dichlorhydrin.^  It  is  an  oily  liquid,  scarcely  soluble  in 
water,  having  a  faint  ethereal  peppermint-like  odour.  It  boils 
at  191°  and  has  a  specific  gravity  of  0'92. 

Triethyl  Pro-penyl  Ether,  or  Glycerol  Triethylin,  03^15(002115)3. 
When  the  foregoing  compound  is  treated  with  phosphorus 
pentachloride,  chlorcUcthylin,  03Hj^Cl(OC2H5)2,  is  formed.  This 
is  a  body  boiling  at  184°,  and  possessing  a  sweet  smell;  when 
heated  with  sodium  ethylate  to  120^  it  is  converted  into 
triethylin.  This  latter  is  also  formed  when  diethylin  is  treated 
with  sodium  and  ethyl  iodide.  It  is  a  pleasantly  ethereal  smelling 
liquid,  boiling  at  185^.^ 


^  Gegerfeldt,  Bcr.  DcuUch.  Chcm.  Ges.  iv.  919  ;  Tollens,  ib.  v.  68. 

'-"  TuUens  and  Loe,  ib.  xiv.  1946. 

^  Silva,  Compt.  Rend,  xciii.  418. 

*  Eeboul,  Ann.  Chivi.  Phys.  [3],  Ix.  63. 

"  Berthelot,  Ann.  Chim.  Phys.  [3],  xli.  305. 

^  Keboul,  loc.  cit. 

^  Eeboul  and  Louren90,  Compt.  Rend.  lii.  466, 
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MhidenePropeni/lMher,oTAceto-gIyccraI,C^T{^{OU)0^,CK.CB.^^ 
is  obtained  when  aldehyde  is  heated  with  glycerol  for  thirty 
hours  to  170°— 180°.  It  is  a  liquid  which  boils  at  184''— 188°^ 
is  slightly  soluble  in  water,  but  is  easily^  decomposed  by  this 
liquid.^ 


Ethereal  Salts  of  Propenyl. 

701  a-Fropenyl  Ghlorhydrin,  CH2CLCH(OH).CH20H,  was 
obtained  by  Berthelot,  by  heating  glycerol  with  hydrochloric 
acid,  and  termed  chlorhydrin.^  In  order  to  prepare  it,  glycerol 
is  saturated  with  hydrochloric  acid  and  heated  for  100  hours  in 
a  water-bath.  The  product  is  then  distilled  in  a  vacuum  in  a 
water-bath,  until  hydrochloric  acid  ceases  to  come  overj  and 
then  fractionated  over  the  naked  flame.^  a-Chlorhydrin  is 
an  oily  liquid  having  a  specific  gravity  at  0°  of  1"338.  It 
is  soluble  in  water,  and  boils,  with  partial  decomposition,  at 
213°.  Under  a  diminished  pressure  of  18  mm.,  it  boils  at 
139°,  and  distils  without  decomposition.  By  the  action  of 
sodium  amalgam  on  its  aqueous  solution  it  is  converted  into 
propylene  glycol.^ 

^-Propenyl  CUoThydrin,  CH2(OH).CHCl.CH2(OH),  is  formed 
in  smaller  quantity  together  with  the  foregoing  compound,  from 
which  it  may  be  separated  by  fractional  distillation  in  a  vacuum, 
as  under  a  pressure  of  18  mm.,  it  boils  at  146°.  At  0°  it  has 
a  specific  gravity  of  1"328  (Hanriot).  The  same  compound  is 
also  obtained  by  the  union  of  allyl  alcohol  with  hypochlorous 
acid.  It  is  a  syrupy  liquid,  having  a  slight  smell  and  a  sweet 
taste,  and  boiling  under  ordinary  pressure  at  230 — 235°  ^ 

a-Propenyl  Dichlorhydrin,  CH2C1.CH(0H).CH2C1,  was  first 
obtained  by  Berthelot,  by  heating  glycerol  with  an  excess  of 
fuming  hydrochloric  acid  in  the  water-bath,  and  termed  by  him 
dichlorhydrin.^  According  to  Reboul,  a  mixture  of  equal  volumes 
of  glacial  acetic  acid  and  glycerol  is  saturated  with  hydrochloric 
acid  gas  at  100°,  and  the  product  fra,ctionally  distilled.^  It  is 
also  formed  when  chloride   of  sulphur   is   gradually  added  to 

'  Hamitzky  and  Menschutldn,  Ann.  Chem.  Pharm.  cxxxvi.  126. 

2  Ann.  ChAm.  PMjs,  [3],  xli.  296. 

^  Hanriot,  Ann.  Chim,  Pkys.  [5J,  xvii,  62. 

*  Lourenfo,  ib.  [3],  Ixvii.  320  ;  Buff,  Ann.  Chem.  Pharm.  Suppl.  v.  247. 

=  Henry,  Journ.  Prakt,  Chem.  [2],  x.  186.  ^  Loc.  cit.  296. 

^  Ann.  Chim.  Phys,  [3],  Ix.  1 ;  Watt,  Ber.  Dexctsch.  Chem.  Ges.  v.  257. 
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glycerol,  and  the  whole  gently  heated.^  It  is  an  ethereal 
smelling  liquid,  boiling  at  175° — 176°,  and  having  a  specific 
gravity  at  16°  of  1-396.  It  is  somewhat  soluble  in  water,  and 
is  converted  by  means  of  sodium  amalgam  into  secondary  propyl 
alcohol  (Lourenqo,  Buff).  When  oxidized  with  chromic  acid 
solution,  it  yields  symmetrical  dichloracetone  (Part  I,,  p.  571).^ 

^-Projjenyl  DiGlilorhydrin,  CH2CI.CHCICH2OH.  According 
to  several  observers,  this  compound  is  formed  together  with  the 
foregoing,  when  hydrochloric  acid  acts  upon  glycerol.^  This 
fact  is,  however,  denied  by  others.^  It  may  be  obtained  in 
the  pure  state  by  the  union  of  allyl  alcohol  with  chlorine,^  or 
by  the  action  of  hypochlorous  acid  on  allyl  chloride.^  It  is  a 
thick,  faintly  ethereal  smelling  liquid,  boiling  at  182°,  and  having 
a  specific  gravity  at  0°  of  1-3799.  Nitric  acid  oxidizes  it  to 
y9-dichlorpropionic  acid. 

FpicJilorhydrin,  CgH^ClO,  is  found  amongst  the  products  of 
the  action  of  phosphorus  pentachloride  on  glycerol  (Berthelot). 
It    is    also    formed     by     the     decomposition     of    a-propenyl 
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According  to  Reboul,  the  best  method  of  preparing  it,  is  to 
use  the  product  boiling  between  160°  and  220°,  obtained  by 
the  action  of  hydrochloric  acid  on  a  mixture  of  glacial  acetic 
acid   and   glycerol,    which,    in   addition   to   the   dichlorhydrin, 

^  Carius,  Ann,  Chem.  Pharm.  cxxiv.  222  ;  Clans,  ib.  clxviii.  42. 

2  Hoermann,  Ber.  Dcutsch.  Chem.  Ges.  xiii.  1707,  and  Markownikow.  Ann. 
Chem.  Pharm.  ccviii.  349. 

3  Munder  and  Tollens,  Ber.  Dcutsch.  Chem.  Ges.  1871,  681  ;  Hiihner  and 
Miiller,  Ann.  Chem.  Pharm.  clix.  168. 

4  Markownikow,  Ann.  CJiem.  Pharm.  ccviii.  349  ;  Eer.  Deutsch.  Chem.  Ges. 
VI.  1210  ;  Paschke,  Jo7irn.  Prakt.  Chem.  [2],  I.  82  ;  Watt,  loc.  cit. 

®  Munder  and  Tollens,  loe.  cit. 

^  G-3gerfeJdt,  Ber.  Dcutsch,  Chem.  Ges.  vi.  720. 

'  Reboul,  loc,  cit.  8  Munder  and  Tollens,  loe.  cit. 
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coutaius  the  acetate  of  propenyl.  500  cc.  of  this  are  dropped 
gradually  into  a  concentrated  solution  of  350  grams  of  caustic 
potash,  care  being  taken  *to  keep  the  whole  cool.  Or  the  crude 
chlorhydrin  may  be  added  to  roughly  pounded  caustic  soda, 
but  the  temperature  must  not  rise  above  130°.^  The  yield  is 
not  more  than  half  the  theoretical  one,  as  a  large  portion  of 
the  dichlorhydrin  is  converted  into  glycerol.^ 

Epichlorhydrin  is  an  oily  liquid  insoluble  in  water,  possessing 
an  ethereal  smell,  somewhat  resembling  that  of  chloroform.  It  has 
a  sweet  burning  taste,  boils  at  116°'6,  and  has  a  specific  gravity  at 
0°  of  1'203  (Thorpe).  When  shaken  up  with  fuming  hydrochloric 
acid,  it  combines  with  it  to  form  a-propenyl  dichlorhydrin, 
which  may  be  obtained  in  this  way  in  the  pure  state  very 
readily.  It  unites  still  more  easily  with  hydrobromic  acid, 
and  its  combination  with  hydriodic  acid  takes  place  with  yet 
greater  avidity.  If  this  gas  be  passed  over  epichlorhydrin 
cooled  to  0°,  normal  propyl  chloride  and  some  propyl  iodide 
are  formed.^  It  unites  also  with  water  at  100°  to  form  the 
monochlorhydrin,  and  with  alcohol  to  form  its  ethyl  ether,  &c. 
In  its  chemical  relation  it  therefore  closely  resembles  ethylene 
oxide. 

When  heated  with  potassium  acetate,  it  forms  the  above 
named  glycide  acetate,  CgHgOg-  CgHgOg,  a  liquid  boiling  at 
158° — 169°.  Potassium  cyanide  converts  the  chloride  into 
epicyanhydrin,  CgH-O.CN,  a  body  crystallizing  in  tablets  or  prisms, 
melting  at  163°,  and  yielding  when  boiled  with  baryta  water 
or  hydrochloric  acid,  epihydrin  carboxylic  acid,  CgH^O-COgH; 
a  body  crystallizing  in  glistening  needles,  melting  at  225°.*  This 
body  is  isomeric  with  aceto-acetic  acid,  and  is  reduced  to  butyric 
acid  by  means  of  hydriodic  acid  : 

CH,.CH.CH,.COJ-I  +  4m  =  CH,.GH,.CH,.CO,H  +  2L4  H^O. 


0 

702  Propenyl  Trichloride,  or  Trichlorhydrin,  C3H5CI3,  is  ob- 
tained by  the  action  of  phosphorus  pentachloride  on  propenyl 
dichlorhydrin,^  or   epichlorhydrin.^     It  is   also   formed   by  the 

1  Prevost,  Journ.  PraU,  Chem.  [2],  xii.  160. 

^  Glaus,  Bar,  Deutsch.  Chem.  Ges,  x.  556. 

3  Silva,  Compt.  Mend,    xciii.  418.  .. 

^  Paschke,  Journ.  PraU.  Chem.  [2],  i.  97  ;  Hartenstem,  %h.  vii.  295. 

5  Berthelot  and  de  Luca,  Ann.  Chim.  Fhys.  [3],  Hi.  437. 

«  Reboul,  ib.  Ix.  37. 
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action  of  chlorine  on  propylene  chloride,^  secondary  propyl 
chloride,^  and  propane,^  when  other  substitution-products  are 
also  of  course  formed. 

In  order  to  prepare  it,  a  mixture  of  glycerol  and  glacial  acetic 
acid  is  saturated  with  hydrochloric  acid,  and  the  "whole  slowly 
distilled  until  the  boiling  point  reaches  130° ;  the  residue  is  then 
washed  with  water  and  carbonate  of  soda  solution,  dried  over 
calcium  chloride,  and  the  liquid  then  allowed  slowly  to  flow  into 
phosphorus  chloride.^ 

Propenyl  trichloride  is  a  liquid  boiling  at  158°,  and  having  a 
smell  resembling  that  of  chloral.  At  0°  it  has  a  specific  gravity 
of  1'41,  When  heated  with  twenty  times  its  volume  of  water 
it  is  converted  into  glycerol. 

a-Dichlorglycide,  or  a-Epidichlorhydrin,  CgH^Clg,  was  obtained 
by  Berthelot  and  de  Luca,  as  a  by-product  in  the  preparation 
of  trichlorhydrin.^  Eeboul  then  obtained  it  by  the  action  of 
caustic  potash  on  the  latter  body,  and  described  it  as  an  ethereal 
alliaceous  smelling  body  boiling  at  101° — 102°.^  More  recent 
observations  have  shown  that  two  isomeric  bodies  are  produced 
in  this  reaction  :  ^ 

a-Epidichlorhydrin.  jS-Epidichlorhydrin. 

CH^  =  CCLCH^Cl.  CHCl  =  CH.OH^CL 

Of  these  the  a-compound  is  obtained  in  the  larger  quantity. 
It  boils  at  94°,  and  has  a  specific  gravity  at  0°  of  1  '236.  It 
combines  with  fuming  hydrochloric  acid  at  100°  to  form 
chlordimethyhnethyUne  chloride,  CHg.CGlo.CHgCl,  a  body  also 
obtained  by  the  action  of  chlorine  on  dimethylmethylene  chloride 
(p.  131),  and  boiling  at  123°.' 

It  also  unites  with  chlorine  to  form  a-teirachlorglycide,  CgH^Cl^, 
a  body  boiling  at  164°,  and  having  an  ethereal  smell  and  a  sweet 
burning  taste. 

^'Dichlorglycide,  or  ^-EpidicJiloo-Jiydrin,  is  formed  in  larger 
quantity  by  the  action  of  phosphorus  oxychloride  or  phosphorus 
pentachloride  on  dichlorhydrin  :  ^° 

CH2CLCH(0H).CH2C1  =  CHCl  ~  CH.CH^Cl  -h  H^O. 

^  Cahours,  Compt.  Rend.  xxxi.  292  ;  Bielohoubek,  Ber.  Deutseh.  Chcm,  Ges.  ix. 
924. 

^  Linnemann,  Ann.  Chem.  Pharm.  cxxxvi.  48  ;  cxxxix.  19  ;  Friedel  and  Silva, 
Compt.  Rend.  Ixxiv.  805.  ^  Schorlemmer,  Proc,  Roy.  Sac.  xvii.  372. 

^  Fittigand  Pfeffer,  Ann.  CJicm.  Pharm.  cxxxv,  359. 

fi  Ann.  Ckim.  Phys.  [3],  lii.   438.  s  j^^  j^.  37. 

7  Friedel  and  Silva,  Bull.  Sac.  Chim.  [2],  xvii.  386. 

^  Friedel  and  Silva,  ih. 

*  Fittig  and  Pfeffer,  Ann.  Chem..  Pharm.  cxxxv   357. 

"^^  Hartenstein,  Journ.  Prakt.  Glum.  [2],  vii.  310. 
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It  is  a  mobile  liquid  having  a  sweet,  somewhat  burning  taste, 
and  pleasant  smell ;  it  boils  at  109°,  and  at  0°  its  specific  gravity 
is  1'250.  It  does  not  form  any  compound  with  hydrochloric 
acid,  but  combines  with  chlorine  to  form  ^-tetrachlorglycidey 
C3H4CI4,  a  body  boiling  at  171°. 

Propmyl  Monohro7nhydrin,G^U^'Br{0'H.)^,  is  obtained,  together 
with  other  products,  by  the  action  of  phosphorus  pentabromide 
on  glycerol.  It  is  a  thick  oily  aromatic  tasting  liquid,  which 
boils  under  a  pressure  of  10  mm.  at  180°  (Berthelot  and  de 
Luca). 

a-Fropenyl  Dihromhydrin,  CH2Br.CH(OH).CH2Br,  is  formed 
together  with  the  foregoing  compound,  and  is  an  ethereal 
smelling  liquid  boiling  at  219°. 

^-Propenyl  Dihrovihydriny  or  Dibrompropyl  Alcohol,  CHgBr. 
CHBr.CH2(0H),  is  formed  by  the  combination  of  allyl  alcohol 
with  bromine,  and  is  a  liquid  boiling  at  212° — 214°.i 

703  Fropenyl  Trihromide,  or  Tribromhydrin,  CgH^Brg,  is  formed 
together  with  the  mono-  and  dibromhydrins  by  the  action  of 
phosphorus  bromide  on  glycerine  (Berthelot  and  de  Luca).  It  is 
best  prepared  by  treating  allyl  iodide  with  bromine.^  It  is  a  faintly 
ethereal  smelling,  thick  liquid,  which  has  a  specific  gravity  at  10° 
of  2"407,  and  boils  at  219° — 220°,  and  on  cooling  crystallizes  in 
long  glistening  prisms  melting  at  16° — 17°.^  When  heated  with 
sohd  caustic  potash  ^-epidihromhydrin,  CHBr^CH.CHgBr.,  is 
produced.  This  is  an  oily  alliaceous  smelling  liquid,  which  boils 
at  151° — 152°,  and  combines  with  bromine  to  form  tetrabrom- 
glycide^  CgH^Br^,  a  compound  boiling  at  250° — 252°,  with 
decomposition.^ 

a-Propenyl  Bi-iodhydrin,  CH2l.CH,(OH).CH2l,  is  formed 
by  heating  dichlorhydrin  with  a  concentrated  solution  of 
potassium  iodide.  It  is  a  thick  oily  liquid  which  crystallizes 
in  a  freezing  mixture,  and  decomposes  when  heated.^ 

13-Fropenyl  Di-iodhydrin,  CH2l.CHI.CH2.(OH),  is  formed 
by  acting  with  allyl  alcohol  on  iodine,  which  are  brought  together 
in  solution  in  chloroform.  The  compound  crystallizes  in  needles 
which  when  exposed  to  light  acquire  a  brown  colour.^ 

^  Kekul^,  Ann.  Chem.  Pliarm.  Suppl.  i.  138  ;  Markownikow,  Zeitscfi.  Chem. 
1864,  68 ;  Tollens  and  Miinder,  Ann.  Chem,  Fharm.  clxvii.  224  ;  Michael  and 
Norton,  ATner.  Chem.  Journ.  ii.  18. 

"^  "Wurtz,  Ann.  Chim.  Fhijs.  [3],  li.  91. 

*  Henry,  Ber,  DeiUsch.  Chem.  Ges.  iii.  298. 
"  Reboui,  Ann.  Chim.  Phys.  [3],  Ix.  42. 

'  Claua,  Ann.  Chem.  Pharm.  clxviii.  24, 

*  Hubner  and  Lellman,  Bcr.  Beutsch.  Chem.  Ges.  xiii.  460. 
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Fropenyt  Mono-iodlujdrin  is  obtained,  according  to  Eeboul,  by 
heating  the  chlorhydrin  with  potassium  iodide.  It  is  an  oil 
which  has  not  been  further  investigated. 

Propenyl  tri-iodide  is  not  known. 

By  the  action  of  hydriodic  acid  or  iodide  of  phosphorus  on  an 
excess  of  glycerol,  allyl  iodide,  CgH^I,  is  formed,  together  with 
propylene.  If,  on  the  other  hand,  the  two  first  compounds  are 
present  in  excess,  propylene  and  isopropyl  iodide  are  formed. 
In  this  it  is  possible  that  the  following  reaction  takes  place. 
At  first  propenyl  tri-iodide  is  formed,  and  this  decomposed  into 
iodine  and  allyl  iodide.  This  latter  is  then  reduced  by  the 
hydriodic  acid  to  propylene,  and  this  combines  with  hydriodic 
acid  to  form  isopropyl  iodide.^  According  to  Henry,  some  allyl 
alcohol  is  also  formed,  and  from  this  it  must  be  assumed  that 
di-iodhydrin  is  first  formed,  and  that  this  splits  up  into  iodine 
and  allyl  alcohol,  which  latter  is  then  changed  into  the  iodide.^ 

8ul]jhates  of  Povpenyl.  Only  the  acid  ethereal  salts  are  known. 
Pelouze  obtained  one  of  these,  which  he  iexme A  glycerine  sidphitriG 
acid,  C3H;^(OH)2S04lI,  by  dissolving  one  part  of  glycerol  in  two 
parts  of  sulphuric  acid.  He  then  neutralized  with  lime,  and 
obtained  the  easily  soluble  calcium  salt,  crystallizing  in  needles, 
and  by  decomposing  this  with  oxalic  acid  he  obtained  the  free 
acid  in  solution,  which  possesses  an  acid  taste,  but  is  very  un- 
stable, decomposing  by  moderate  concentration  in  a  vacuum 
even  below  0°  into  glycerol  and  sulphuric  acid.  Its  salts  are 
also  very  unstable.^ 

Acid  Frojpenyl  Tristdphate,  G^Tl^(SOJi)^,  is  formed  by  the 
action  of  chlorsulphonic  acid  on  glycerol,  and  is  a  snow-white, 
very  hygroscopic,  crystalline  mass.  Its  acid  solution  is  easily 
converted  into  acid  propenyl  disuljjJiate,  Cfi^{011){S0fi)^, 
Both  acids  form  amorphous  salts.^ 

PQvpenyl  Mononitrate,  C3H5(OH)2N03,  is  obtained  by  the 
action  of  dilute  nitric  acid  on  glycerol.  It  is  a  liquid  easily 
soluble  in  water,  and  very  difficultly  soluble  in  ether,  which  does 
not  explode  on  percussion.^ 

704  Propenyl  Trinitrate  or  Trinitrin,  C3H5(N03)3.  This  com- 
pound, which  is  commonly  known  underthe  name  oioiitro-glycerine, 
was  discovered  by  Sobrero,  who  obtained  it  by  dissolving  glycerol 

^  Erlenmeyer,  Ann.  Chcm   Pliarm.  cxxxix.  211. 

-  Ber,  Deuisch.  Chem.  Gcs.  xiv.  403. 

3  Ann.  Chim.  Phys.  Ixiii.  21. 

"*  Claesson,  Journ,  Prakt.  Chem.  [2],  xx.  4. 

^  Hanriot,  Ann.  Chim.  Phys.  [5],  xvii.  118. 
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in  a  mixture  of  nitric  and  sulphuric  acids.  Amongst  its  properties 
Im  noticed  that  a  small  quantity,  when  brought  under  the  tongue, 
produces  a  violent  headache,^  The  vapour  produces  the  same 
effect,  though  it  has  been  noticed  that  this  ceases  after  a  time 
in  the  case  of  workmen  who  are  exposed  to  its  influence.  Nitro- 
glycerine was  for  some  time  employed  in  America,  and  known 
as  glonoin-oil.  The  composition  of  this  substance  was  first 
ascertained  by  Williamson,  who  noticed  that  on  boiling  with 
caustic  potash  it  is  converted  into  nitric  acid  and  glycerine.^ 
Its  properties  were  more  fully  examined  by  de  Yrij  ^  and 
E.  Kopp,"*  and  its  use  as  an  explosive  Avas  suggested  in  1867 
by  Nobel.^ 

Preparaticn. — Many  receipts  are  given  for  preparing  this 
substance.  According  to  Nobel  it  is  best  made  by  allowing  one 
part  of  glycerine  to  flow  in  a  thin  stream  into  a  well-cooled 
mixture  of  four  parts  of  sulphuric  acid  and  one  part  of  pure 
concentrated  nitric  acid,  the  mixture  being  contained  in  a 
wooden  vessel  hned  with  lead,  from  which  the  product  is  allowed 
to  flow  into  a  large  tank  placed  at  a  L^wer  elevation,  holding 
several  tons  of  water.®  Or  the  mixture  of  acid  and  glycerine 
may  be  allowed  to  stand  quietly,  when  the  nitro-glycerine 
collects  at  the  bottom  as  a  heavy  layer  J 

In  large  dynamite  works  as  much  as  1,500  pounds  of  nitro- 
glycerine is  made  in  one  operation.  Should  the  chemist  be 
unable  to  control  the  action,  which,  unless  care  be  taken,  is  apt 
to  become  violent,  he  runs  the  charge  into  water,  and  thus  stops 
the  reaction  by  dilution.  During  the  process  of  mixing  the 
acid  and  glycerine,  the  charge  has  to  be  constantly  mixed  by 
stirring,  and  this  is  so  effected  by  machine  power  as  to  be  under 
the  control  of  the  operator,  so  that  neither  speed  nor  quantity 
can  be  exceeded.  The  nitro-glycerine  next  requires  to  be  well 
washed  with  water  to  free  it  from  acid,  and  this  is  effected  by 
blowing  air  through  the  mixture  contained  in  the  washing-tanks. 
Great  care  and  special  precautions  are  necessary  in  this  manu- 
facture, for  until  the  nitro-glycerine  has  been  absorbed  by  the 
Kieselguhr  used  for  the  preparation  of  dynamite  (see  p.  361), 
it  is  a  most  dangerous  substance,  exploding  with  frightful  force 


1  Oompt.  Rend.  xxiv.  247.  ^  F^oc.  Hoy.  Soc  til  1^0. 

3  Ckem.  Centralb.  1855,  570.  ^  Compt.  Jiend.  Ixui.  189. 

5  Dingler's  Polyt.  Joicrn.  clxxxiii.  221.  ^  /&•  ccxxi.  274. 

^  £er,  DeutRch.  Chem,  Ges.  ix.  1800  ;  "Wagner,  Jahrcsb.   1879,  406  ;,1880,  cI7&;, 
see  also  Government  Report  on  Explosives,  1874. 

187 


360  COMPOUNDS  OF  TRIAD  ALCOHOL  RADICALS. 


on  even  slight  percussion.  In  the  form  of  dynamite  it  is  however 
much  less  liable  to  accidental  explosion. 

Nitroglycerine  is  a  light-yellow,  heavy,  oily  liquid,  having  a 
specific  gravity  of  1-6  at  15°.  It  has  a  sweet,  burning  taste,  and  is 
insoluble  in  water,  but  dissolves  in  alcohol,  and  still  more  readily 
in  ether.  It  crystallizes  at  -  20°  in  long  needles  (Champion).  It  is 
poisonous,  but  the  lethal  dose  is  a  considerable  one.  About  ten 
drops  produce  poisonous  symptoms  in  the  human  subject,  though 
they  do  not  act  fatally.-^ 

It  is  not  easily  inflammable,  and,  when  ignited,  burns  without 
explosion.  When  poured  on  to  a  tolerably  hot  surface  it 
evaporates,  but  when  dropped  on  to  one  more  strongly  heated, 
a  violent  explosion  takes  place.  A  temperature  of  257°  prodpces 
the  most  violent  effect,  the  explosion  becoming  less  at  higher 
temperatures,  and  when  dropped  on  to  a  red-hot  plate  the  mass 
becomes  spheroidal,  and  burns  without  explosion. ^ 

The  explosive  effect  of  nitro-glycerine  on  percussion  is  however 
far  more  violent  than  that  produced  when  it  is  simply  heated 
(Abel).^  The  statement  that  it  is  more  readily  explosive  under 
percussion  in  the  solid  than  in  the  liquid  state  appears  from 
Eeckerhinn's  experiments  not  to  be  correct,^  and  the  frightful 
accidents  which  have  occurred  from  the  explosions  of  the  solid 
mass  appear  to  have  been  simply  brought  about  by  carelessness. 
The  change  which  takes  place  during  the  explosion  is  represented 
by  the  following  equation :  ^ 

2C3H,(N03)3  =  6C0,  +  5H,0  +  SN,  +  0. 

Nitro-glycerine,  when  pure,  can  be  preserved  withoitt  decom- 
position, but  if  it  is  not  washed  completely  from  acids  it 
gradually  decomposes  with  formation  of  oxalic  acid,  glyceric 
acid,  and  other  products.^  Caustic  alkalis  cause  the  re-formation 
of  glycerine.  This  is  also  formed,  together  with  nitric  oxide,  by 
the  action  of  concentrated  hydriodic  acid  upon  nitro-glycerine.^ 

705  Nitro-glycerine  was  first  known  in  the  pure  state  under 
the  name  of  JSfobeVs  ex;plosive  oil,  used  largely  for  mining  and  other 
operations.      Owing  to  the  many  accidental  explosions  which 

1  Schiichhard,  Jahresb.  1866.  525. 

^  Kopp,  Bingl.  Folyt.  Journ.  clxxxii.   237  ;  Champion,  SuU.  Soc.  Chim.  [2], 
xvi.  369  ;  see  also  Gorup-Besanez,  Jnn.  Chem.  Fharm,  clvii.  289. 
3  Fhil.  Trans.  1869  ;  Chem.  Soc.  Joiirn.  xxiii.  41. 
*  Jahresb.  1876,  1106. 
^  Berthelot,  Force  de  la  Foudre,  &c.  160. 
^  Miillerand  AVarren  de  la  Rue,  Ami.  Chem.  Fharm.  cix.  122. 
^  Mills,  Journ.  Prakt.  Chem.  xciv,  468. 
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occurred  in  its  use   and  during  its  transit,  the  carriage  of  this 

material   was   forbidden    in  many  places,  and  therefore  Kopp 

suo^c^ested  that  it  should  be  manufactured  on  the  spot  where 

it  was   to   be   used,   and  Nobel  introduced  a  product  termed 

methylated  explosive- oil,  consisting  of  a  solution  of  nitro-glycerine 

in  wood-spirit,  which  will  not  explode  on  percussion.  On  addition 

of  water  or  by  evaporating  off  the  wood-spirit,  the  nitro-glycerine 

can  again  be  obtained.     This  being  a  liquid  is  inapplicable  for 

many  purposes,  and  Nobel  succeeded  in  preparing  a  much  more 

useful  material,  which  can  be  forwarded  from  place  to  place 

without  danger,  though   still   possessing   the    explosive   power 

of  the   original  nitro-glycerine.     This   substance   is   known  in 

commerce  as  dynamite.   Dynamite  consists  of  a  mixture  of  three 

parts  of  nitro-glycerine  and  one  part  of  Kieselguhr  (Vol.  I.,  p.  566), 

this    latter   being   a   finely-divided,   infusorial,   silicious   earth, 

which  has  a  high  absorptive  power,  and  is  capable  of  taking  up 

the  nitro-glycerine  without  becoming  pasty.  ^     The    Kieselguhr 

is  first  heated  in  order  to  destroy  organic  matter,  and  on  cooling 

the  nitro-glycerine  is  added,  the  mixture  being  made  in  leaden 

vessels  with  wooden  beaters.      Cartridges  made  of  parchment 

paper  are  filled  with  this  material,  and  the  cartridge  is  fitted  iu 

the  ordinary  way  with  a  detonating  fuse.     Djnamite  is  far  safer 

than  the  pure  nitro-glycerine,  as  from  its  softness  it  yields  to  an 

accidental  blow,  and  is  therefore   not  so  liable  to   explode  as 

nitro-glycerine  itself. 

From  recent  experiments  it  appears  that  the  energy  developed 
by  the  explosion  of  one  ton  of  nitro-glycerine  is  equal  to  64,452 
foot-tons,  that  of  dynamite  being  equal  to  45,675  foot-tons. 
According  to  the  above  reaction  the  theoretical  initial  pressure 
exerted  by  nitro-glycerine  on  exploding  is  from  six  to  seven 
times  that  of  gunpowder. 

In  order  to  exhibit  the  non-explosive  character  of  dynamite 
under  ordinary  percussion,  the  following  experiments  have  been 
laada.  .A. barrel  containing  540  kilos,  of  dynamite  was  allowed 
to  fall  front  a  height  of  twenty  feet  on  to  a  paved  road  without 
explosion  occurring,  A  weight  of  ten  kilos,  was  allowed  to  fall 
from  twenty  feet  on  to  a  dynamite  cartridge,  when  it  was  simply 
flattened.  In  another  experiment  seven  and  ^  half  kilos,  of 
dynamite  contained  in  a  cask  was  ignited  by  means  of  a  burning 
cigar.  The  dynamite  burnt  with  a  bright  flame,  but  the  barrel 
was  not  blown  to  pieces  or  even  burnt.  In  the  same  way  a  -tm 
1  Dingl.  Polyt.  Journ. .cxc.  'i2L 
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box  containing  dynamite  was  thrown  into  a  common  fire  without 
any  evil  effect  being  produced,  the  dynamite  simply  burning.^ 
If,  however,  dynamite  be  exploded  by  means  of  a  percussion 
fuse  containing  fulminating  mercury,  it  produces  powerful 
explosive  effects,  even  when  placed  on  an  open  surface ;  balks 
of  timber,  iron  cylinders,  and  masses  of  granite,  can  in  this  way 
be  broken. 

A  number  of  other  nitro-glycerine  preparations  have  been 
suggested.  These  are  known  under  the  names  of  Lithofracteur, 
Dualin,  Blasting  Gelatine,  &c.  They  produce  the  same  effects  as 
nitro-glycerine,  and  are  obtained  by  the  addition  of  this  body  to 
nitrated  sawdust,  gunpowder,  nitrates,  guncotton,  and  other 
materials. 

According  to  the  statements  of  Nobel  the  production  of 
dynamite  increased  from  eleven  tons  in  1867  to  3,120  tons  in 
1874.^  At  the  present  moment  it  is  even  larger,  as  appears  from 
the  fact  that  in  1880  the  total  European  production  of  glycerine 
amounted  to  about  9,000  tons.^ 

706  MonocJilordinitrin,  G^Iifi\(J>lO.^)^.  This  is  obtained  by  the 
action  of  monochlorhydrin  on  a  mixture  of  concentrated  nitric 
and  sulphuric  acids,  or  by  allowing  concentrated  nitric  acid  to 
drop  into  epichlorhydrin  well  cooled  with  ice : 


CH^Ci  CH2CI 

I  I 

(1)    cm       +  NOoOH     =     CH.O.NO. 

I    >o  I           ' 

CH^  CH2.OH 


CHoCl  CH.Cl 

I  I 

(2)    CH.O.NO2  +  E-Q^.OH  +  CH.O.NO2  +  HgO 

I  I 

CH2OH  CH2.O.NO2 


It  is  an  oily,  easily-inflammable,  but  not  explosive  material. 

a-Dichlormo7ionitrin,  CH2C1.CH(N03)CH2C1,  is  obtained  by 
the  action  of  a  mixture  of  sulphuric  and  nitric  acids  on  the 
corresponding  dichlorhydrin.     It  is  a  compound  similar  to  the 

1  Ber.  Dcutsch.  Ghent.  Ges.  is.  1802. 

^  Monit.  Scientif.  [a],  vi.  248  ;  see  also  Engels,  Wagner*s  Jahresh.  1880,  378. 

^  Wagner  s  Jahresberichtf  1880,  447. 
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foregoing,  and  boils  with  decomposition  at  a  temperature  of 
180"— 190°.i 

^.-Dichlornitrin,  CH2CLCHCLCH2(N03),  is  an  oily  liquid 
which  has  a  peculiar  aromatic  smell,  sweet  taste,  and  boils  at  180°.^ 

The  Fhosphates  of  Proifcnyl.  Of  these  only  the  dibasic  glycerol 
jphosphoric  acid,  Q^J^OY£).^O^^y  is  known.  This  was  ob- 
tained by  Pelouze  by  the  action  of  phosphorus  pentoxide  cr 
metaphosphoric  acid  on  glycerol.^  Gobley  then  observed  that 
this  acid  occurs  in  a  peculiar  compound  contained  in  the  yolk 
of  eo^sf  and  in  the  brain/  and  since  that  time  it  has  been  found 
that  this  latter  compound  is  not  only  contained  in  the  animal 
but  is  also  widely  distributed  in  the  vegetable  kingdom  (see 
Lecithin,  p.  370).  Glycerol  phosphoric  acid  is  also  found  in  small 
quantity  in  normal  human  urine, ^  and,  together  with  a  large 
quantity  of  lactic  acid,  in  muscular  fibre.®  The  free  acid  which 
is  obtained  by  decomposing  the  easily-soluble  barium  salt  with 
sulphuric  acid  is  only  known  in  dilute  solution,  as  it  decomposes 
on  concentration. 

The  calcium  salt,  C3H5(OH)2P04Ca,  is  a  very  characteristic 
one.  It  is  easily  soluble  in  cold  water,  and  separates,  on  warming 
the  solution,  in  snow-white,  pearly,  glistening  tablets  or  scales, 
which  dissolve  again  on  cooling. 

PropenylArsenitc,C^^A.^O^.  Glycerol  dissolves  large  quantities 
of  arsenic  trioxide.  Such  a  solution  has  been  used  by  calico- 
printers  for  fixing  aniline  colours,  and  this  contains  the  above- 
mentioned  compound,  which  may  be  obtained  in  the  pure  state 
by  heating  nineteen  parts  of  glycerol  with  twenty  parts  of 
arsenic  trioxide  until  no  further  quantity  of  water  is  evolved, 
and  then,  on  cooling,  withdrawing  the  excess  of  glycerol  by 
means  of  acetone.  In  this  way  an  amber-yellow,  fat-like  mass 
is  left,  which  melts  at  50°,  forming  a  thick  liquid.  It  dissolves 
in  glycerol  as  well  as  in  water,  but  is  decomposed  by  this  latter 
liquid.^ 

1  Henry,  Bcr.  Deutsch.  Chem,  Geo.  HI  347.  ^  Ih.  iv.  701. 

2  Compt.  Rend.  xxi.  718.  ^  Ncic.  Jahrh.  Pharm.  ix.  161  ;  xi,  405  ;  xii.  5. 
®  Sotnitschewsky,  Soppe-Seyler's  Zeitsch.  iv.  214. 

«  Diakonow,  Chem.  CcntraXblatt,  1867,  816. 
^  Schiff,  Bxill,  Soc.  Chim.  [2],  viii  99. 
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THE    FATS    OR    GLYCERIDES    (PROPENYL 
ETHEREAL  SALTS  OF  THE  FATTY  ACIDS). 

707  The  existence  of  animal  fats  naturally  attracted  the  atten- 
tion of  even  uncivilized  man,  and  the  ancients  were,  of  course, 
well  acquainted  with  their  peculiar  properties.  Still  we  know 
nothing  about  the  origin  of  this  knowledge  or  when  the  fats 
were  first  used  in  the  arts.  More  remarkable  is  the  acquain- 
tance made  by  man  in  very  early  times  with  the  vegetable 
fats  and  oils,  as  is  shown  by  the  mention  of  the  fact  in  the  oldest 
books  of  the  Old  Testament.  The  Greeks  and  Romans  in  the 
early  centuries  after  Christ  were  well  acquainted  ■with  olive  oil, 
as  well  as  with  almond  oil,  walnut  oil,  castor  oil,  &c.  These 
were  obtained  by  pressing  or  by  boiling  the  fruit  or  seeds  with 
water.  Herodotus  and  Hippocrates  described,  in  the  fifth 
century  B.C.,  the  butter  (^ovrvpov)  which  the  Scythians  obtained 
from  mare's  milk  by  violent  agitation,  and  Dioscorides  also  relates 
that  the  best  butter  is  obtained  from  the  fattiest  milk,  as 
sheep's  milk,  but  that  it  can  also  be  got  from  goat's  milk. 

So,  too,  the  saponification  of  animal  fats  was  known  in  early 
times  (see  Part  I.,  p.  688).  It  was,  however,  long  believed  that  in 
this  process  the  whole  of  the  fat  combined  with  the  alkali,  and 
the  conclusion  drawn  from  this,  as  well  as  from  the  fact  that 
metals  are  attacked  by  fat,  was  that  these  latter  substances 
contain  an  acid. 

In  the  first  half  of  the  last  century  it  was,  however,  noticed 
that  the  fat  separated  out  from  a  soap  by  means  of  an 
acid  possessed  different  properties  from  that  which  was  em- 
ployed in  making  the  soap,  but  the  proper  explanation  of  this 
was  not  given  until  after  Scheele's  discovery  of  the  sweet 
principle  of  oil.  This  was  however  accomplished  by  the  cele- 
brated investigations  of  Chevreul,  "sur  les  corps  gras,"  begun 
in  the  year  1811,  in  which  he  proved  that  the  fats  are  in  fact 
ethereal  salts. 

It  has  already  been  stated  that  most  of  the  natural  fats  are 
normal  propenyl  ethers  of  the  fatty  acids,  or  of  the  acids  of  the 
series,  C2H2n-202'  ^^^  these  bodies  Gerhardt  introduced  the 
name  glycerides.  Lastly,  Berthelot  showed  that  not  only  these 
ethers,  but  also  those  which  contain  only  one  or  two  acid  radicals, 
can  be  artificially  prepared.^ 

^  Ann.  ChivK  PMjs.  [3],  xli.  216. 
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Monoformin,  C3H5(OH)2CH02,  is  obtained  by  heating  glycerol 
and  oxalic  acid  to  190°,  the  product  being  exhausted  with  ether. 
It  is  an  oily  liquid  which  is  soluble  in  water,  and  on  heating  with 
this  liquid  decomposes  into  formic  acid  and  glycerol.  When 
heated  under  ordinary  pressure  it  decomposes  into  allyl  alcohol, 
carbon  dioxide,  and  water,  but  under  a  diminished  pressure 
of  10  mm.  it  may  be  distilled  without  decomposition  at  a 
temperature  of  165°.^ 

BifGrm.in,  C3Hg(OH)(CH02)2-  When  the  residue  obtained  in 
the  preparation  of  formic  acid,  according  to  Lorin's  method 
(Part  I.,  p.  270),  is  heated  to  140°  and  then  shaken  up  with  ether, 
deformin  is  obtained  in  solution.  This  substance  is  a  colourless 
liquid  boiling  under  a  diminished  pressure  of  20 — 30  mm.  at 
163° — 166°.  Heated  under  the  ordinary  pressure  decomposition 
begins  about  160°;  allyl  formate  is  formed,  together  with  allyl 
alcohol,  formic  acid,  carbon  dioxide,  and  a  small  quantity  of 
carbon  monoxide.  It  is  easily  decomposed  by  watq^  with 
formation  of  formic  acid  and  glycerol,  and  when  heated  with 
anhydrous  oxalic  acid  it  readily  yields  formic  acid  and  carbon 
dioxide.  Its  formation  is  probably  one  of  the  preliminary 
processes  in  the  preparation  of  formic  acid  from  oxalic  acid.  ^ 

Monacetin,  C3H5(OH)2C2H30o,  is  formed  in  small  quantity  when 
glycerol  is  allowed  to  stand  for  some  months  in  contact  with 
glacial  acetic  acid,  and  in  large  quantity  when  the  mixture  is 
heated  to  100°  for  114  hours.  The  product  is  treated  with 
carbonate  of  potash  and  a  small  quantity  of  caustic  potash  and 
then  extracted  with  ether.  On  evaporation  of  the  ethereal 
solution  the  compound  remains  behind  as  a  weak,  ethereal- 
smelling  liquid,  having  a  specific  gravity  of  1'20. 

Biacetin,  C3lI;j(OH)(C2H302)2»  is  formed  by  heating  glacial 
acetic  acid  and  glycerol  to  200° — 275°,  and  is  purified  in  the  same 
way  as  monacetin.  It  is  a  liquid  possessing  a  biting  taste.  It 
boils  at  280°  and  at  13°  has  a  specific  gravity  of  1'188.  Like  the 
foregoing  compound  it  dissolves  in  a  small  quantity  of  water,  and 
on  addition  of  a  larger  quantity  it  becomes  turbid. 

Triacetin,C.^'H.^(C^'Bfi^^,SippesiTS  to  exist  in  small  quantity  in 
certain  fats^  in  cod-liver  oil,*  and  the  oil  of  the  spindle-tree 
{Euonymus  europceus).^     These  oils  yield  on  saponification  a  small 

^  TolleDS  and  Henninger,  Zdt^ch,  Chein.  1869,  88. 
^  Van  Romburgh,  ComiJt.  Rend,  xciii.  847. 
^  Chevreul,  loc.  fit. 

*  de  Jongh,  Ann.  Ohem.  Pharm.  xlviii.  362. 

*  Schweizer,  ib.  Ixxx.  288. 
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quantity  of  acetic  acid.  Berthelot  obtained  it  by  acting  for  some 
hours  on  diacetin  with  15—  20  parts  of  glacial  acetic  acid  at  250^ 
and  Wiirtz  prepared  it  by  acting  with  silver  acetate  on  propenyl 
tribroniide.^  It  may,  however,  be  most  simply  obtained  by 
mixing  one  part  of  glycerol  with  two  parts  of  glacial  acetic  acid 
allowing  this  to  boil  gently  for  forty  hours  and  then  distillinf>'. 
The  liquid  coming  over  between  257° — 260°  is  dissolved  in  water 
and  the  triacetin  extracted  with  ether.^  It  is  a  liquid  tolerably 
soluble  in  water,  possessing  a  weak,  bitter,  pungent  taste,  and 
having  at  8°  a  specific  of  1-174,  and  it  boils  at  267° — 268°. 

Acdochlorhy drill  or  Chlormonacctin,  C3H5C1(0H)C2H  0  ,  is 
obtained,  together  with  dichlormonacetin,  by  the  action  of  acetyl 
chloride  on  glycerol,^  or  by  heating  epichlorhydrin  with  glacial 
acetic  acid  to  100°.*  It  is  a  liquid  smelling  like  acetic  ether  and 
boiling  at  250°. 

Acctoclichlorhijdrin,  or  ^-Dicliloradm,  CH^Cl.CHCl.CH^ 
(C.^HgO^V  is  best  obtained  by  the  union  of  acetyl  chloride  with 
epichlorhydrin,  and  is  a  pleasantly-smelling  liquid  boiling  at 
202°~203°.^  The  isomeric  a-dichloracetin,  CH2C1.CH(C2H302). 
CH^Cl,  is  formed  by  the  action  of  acetyl  chloride  on  a-dichlor- 
hydrin,  and  boils  at  I94°— 195°.^ 

Diacetochlorliydrin,  or  Monochlordiacdin,  CH2C1.CH(C2H302). 
CH2(C2H302),  is  formed  by  the  a,ction  of  acetyl  chloride  on 
equal  volumes  of  glacial  acetic  acid  and  glycerol  (Berthelot  and 
de  Luca),  or  by  heating  epichlorhydrin  with  glacial  acetic  acid 
to  180°: 

CH.Cl  CH.,Cl 

I     ^  /C2H3O  I     ^ 

GH.  +    0<  =    CH.OaH,0 

I       >0  ^C^HgO  I 

CH^^  CH2.OC2H3O 

It  is  a  faintly-smelling  liquid  boiling  at  245°. 

The  hutyrins  and  Valerius  are  oily  liquids.  Trilittyrin., 
^3115(0411702)3,  occurs  in  butter,  and  is  a  neutral  liquid  possessing 
a  sharp,  bitter  taste.  Trivalerin,  03115(0511902)3,  is  contained  in 
dolphin  oil,  and  has  a  weak  but  unpleasant  smell. 

1  A7in.  Chim.  Phys.  [3],  li.  97.. 

-  Schmidt,  Liebig's  Ann.  cc.  97. 

^  Berthelot  and  de  Luca,  Ann.  Chim.  Phys.  [3],  lii.  433. 

^  Reboul,  Ann.  Chim.  Phys.  [3],  Ix.  49. 

^  Truchot,  Compt.  Rend.  Ixi.  1170. 

**  Henry,  Ber.  Deutsch.  Chem.  Ges.  iv.  704. 
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The  sources  of  the  following  normal  propenyl  ethereal  salts 
will  be  found  under  the  corresponding  fatty  acids  as  well  as 
under  the  fats. 

11.?, 
Trilauriii,  ^^"^^(G^^.^f)^.^  KeedL  s.  45° 
Trimyrtslin,     CgH-^Ci^H^^Oglg         Plates.  55° 

708  MoQiG^mlmitin,  03115(0^3113^02)  (OH),.,  occurs  when  palmitic 
acid  is  treated  with  an  excess  of  glycerol  and  the  mixture  heated 
for  twenty-four  hours  to  200°.  After  removal  of  the  gycerol 
the  product,  which  still  contains  palmitic  acid,  is  fused  and 
mixed  with  ether  and  a  small  quantity  of  slaked  lime  and  heated 
for  an  hour  to  100°,  and  the  monopalmitin  is  then  extracted  by 
ether.  This  method  of  purification  is  used  in  the  preparation 
of  other  artificial  glycerides  of  the  higher  fatty  acids  (Berthelot), 
Monopalmitin  crystallizes  in  needles  which  melt  at  58°. 

Dipalmitin,  G.^^^(G■^^QH.^fi2)•2^^>  "^^^^  obtained  by  Berthelot 
by  heating  glycerol  with  an  excess  of  palmitic  acid  for  114 
hours  to  100°.     It  forms  microscopic  scales  which  melt  at  59°. 

Trijpahniiin,  G^^{G-^f^.^-fi^^,  is  obtained  from  palm  oil,  or, 
better,  from  Ohinese  vegetable  wax  (from  Stillingia  sehifera)  by 
first  pressing  out  and  then  repeatedly  treating  it  with  hot  alcohol 
and  recrystallizing  the  residue  from  ether.^  It  is  also  formed 
when  monopalmitin  is  treated  with  an  excess  of  palmitic  acid, 
and  the  mixture  heated  to  250° — 270°  for  eight  hours.  It  forms 
pearly,  glistening  crystals,  melting  at  50°'5,  which,  on  further 
heating,  again  crystallize  and  then  melt  at  QQ'^'o  (Maskelyne). 

Monostearin,  03115(018113502) (OH)^,  is  prepared  by  heating 
equal  parts  of  glycerol  and  stearic  acid  for  about  thirty-six 
hours  to  200°  in  a  sealed  tube.  It  forms  white  needles  melting 
at  61°  and  solidifying  at  60°  (Berthelot). 

Distearin,  03115(0^8113502)203.  If  one  part  of  monostearin 
be  heated  with  three  parts  of  stearic  acid  for  three  hours  to 
260°,  white  microscopic  laminae  of  this  compound  separate  out. 
These  melt  at  58°  and  solidify  at  55°. 

709  Tristcarin,  03115(013113502)3,  occurs  in  a  greater  or  less 
degree  of  purity  in  many  natural  fats  from  which  it  may  be 
obtained  by  repeated  crystallization  from  ether.  The  stearin 
obtained  by  Ohevreul  by  repeated  crystallization  of  mutton  suet 
consisted  of  a  mixture  of  tristearin  and  tripalmitin.  Lecanu 
iound  that  the  melting-point  was   raised  to  62°  when  it  was 

1  Joiirn,  Prakt,  Chem.  Ixv.  291. 
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recrystallized  from  a  small  quantity  of  ether.  Duffy  then 
observed  that  the  melting-point  rose  to  69°'7  when  lar^-e 
quantities  of  ether  are  employed  and  the  whole  recrystallized 
thirty-two  times.^  But  this  product  also  contains,  accordino- 
to  Heintz,  a  certain  quantity  of  tripalmitin,  and  in  order  to 
obtain  tristearin,  stearic  acid  must  be  heated  with  glycerol  in  an 
atmosphere  of  carbon  dioxide  for  twenty-four  hours  to  200°,  and 
the  product  tben  purified  by  Berthelot's  process,  and  then  heated 
with  a  large  excess  of  stearic  acid  to  270°.^  According  to  Bouis 
and  Pimentel  pure  tristearin  is  obtained  by  recrystallization  of 
the  fat  from  the  seeds  of  Brindonia  indica.^ 

Tristearin  is  artificially  prepared  by  heating  monostearin  with 
from  fifteen  to  twenty  times  its  weight  of  stearic  acid  in  a  tube 
to  270°  for  three  hours.* 

Tristearin  crystallizes  from  boiling  ether  in  tasteless,  inodorous, 
pearly  tablets.  Like  tripalmitin,  it  possesses  both  a  variable 
and  permanent  melting-point,  its  volume  undergoing,  under 
these  circumstances,  remarkable  changes,  which  have  been  in- 
vestigated by  Kopp.  The  stearin  he  employed  was,  however, 
not  perfectly  pure,  and  for  this  reason  he  found  the  melting- 
point  too  low,  and  this  error  has  been  corrected  in  the  following 
remarks. 

When  stearin  is  heated  from  0°  to  55°  it  expands  from  1*0000 
to  1*0308  volume.  It  fuses  at  55°  and  contracts  to  a  volume  of 
1-0076.  On  further  heating  it  again  expands  and  solidifies  at 
7r'6,  which  is  its  true  melting-point,  when  it  possesses  in  the 
solid  state  a  volume  of  1'0759,  its  volume  in  the  liquid  state  at 
the  same  temperature  being  1'1293.  It  solidifies  again  at  70^ 
to  an  indistinctly  crystalline  mass.  When  heated  4°~5°  above 
its  melting-point  it  solidifies  again  at  55°  and  then  forms  a 
wax-like  mass. 


FATS  AND  OILS. 

710  Of  these  we  shall  here  only  mention  the  more  important,  and 
especially  those  which,  in  addition  to  triolein,  contain  glycerides 
of  the  fatty  acids.  The  composition  of  these  fats  and  oils  varies 
considerably.  Some  consist  entirely  of  tripalmitin  and  triolein ; 
as,  for  instance,  olive  oil  and  Chinese  vegetable  wax,  the  latter 
being  obtained  from  the  fruit  of  Stillingia  sehifcra,  a  tree  which 

^  Quart.  Journ.  Chem.  Soc.  v.  197  ^  ^j^^^  Chem.  Pharm.  xcii.  300. 

3  Co7npt.  Rend.  xliv.  1355.  *  Berthelot,  Ann.  Chim.  Phys.  [;ij,  xli.  216. 
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is  now  cultivated  both  in  India  and  America,  and  from  the  fat 
of  which  both  candles  and  soap  are  prepared.  Palm  oil  also 
contains  these  two  glycerides,  and  probably  also  tristearin 
together  with  the  free  acids.  It  is  obtained  from  the  west  coast 
of  Africa,  and  is  derived  from  the  fruit  of  certain  kinds  of  palm, 
as  Elmis  guinecnsis,  forming  an  important  article  of  commerce, 
being  imported  in  very  large  quantities  into  this  country  and 
used  for  the  manufacture  of  soap,  candles,  &c.  The  nuts  or 
kernels  of  the  fruit  yield  palm-nut  oil  which,  in  addition  to  the 
three  above-named  glycerides,  also  contains  caproic,  caprylic, 
capric,  lauric,  and  myristic  acids.  ■'■ 

Mutton  suet  consists  chiefly  of  tristearin  with  a  small  quantity 
of  olein  and  palmitin,  whilst  human  fat  contains  the  latter 
with  some  olein  and  stearin.  Beef  suet  contains  the  same 
glycerides  and  the  same  quantity  of  olein  as  mutton  suet,  whilst 
the  percentage  of  palmitin  and  stearin  stands  in  about  a  mean 
between  the  latter  fat  and  human  fat  (Heintz).  Lard  consists 
of  these  three  glycerides,  which  are  also  contained  in  bassia  fat, 
obtained  in  India  from  the  seeds  of  various  species  of  Bassia, 
used  in  India  as  food,  and  in  Europe  for  candle-  and  soap- 
making. 

Shea  butter,  or,  as  it  was  named  by  Mungo  Park,  galam  butter, 
is  said  to  consist  entirely  of  stearin  and  olein  ;  ^  this  has  a  very 
pleasant  taste,  and  may  be  kept  for  a  considerable  length  of  time 
without  becoming  rancid.  It  is  prepared  from  the  seeds  of  Bassia 
parkii,  which  has  become  an  article  of  commerce  of  considerable 
importance  ill  ISierra  Leone. 

Coco-nut  oil,  obtained  from  the  fruit  of  Cocos  mocifera,  which 
grows  in  all  tropical  countries,  consists  to  the  largest  extent  of 
laurin,  together  with  the  glycerides  of  myristic,  palmitic,  capric, 
caprylic,  and  caproic  acids.^  The  latter  five  are  also  contained  in 
butter,  together  with  tributyrin,  tristearin,  and  a  small  quantity 
of  triarachin  (Heintz).*  Goose-fat  contains  the  glycerides  of 
the  same  volatile  acids  together  with  palmitin,  stearin,  and 
olein.5 

^  Oudemniis,  Jahresb.  1870,  862. 

'^  Ih  1863,  333. 

^  Fehliug,  Ann.  Chem.  Pharm.  liii.  399  ;  Gorgey,  ih.  Ixvi.  290 ;  OuJemans, 
Jakresh.  1860,  322  ;  1863,  311  ;  Bizio,  ib.  1864,  340. 

*  Lerch,  Ann.  Okem,  Pharm.  xlix.  212;  Hehner,  Frca.  Zeitsch.  xvi.  145; 
Fleischmann  and  Vieth,  ib.  xvii.  287  ;  ReicheEt,  ib.  xviii.  70. 

^  Gottlieb,  Ann.  Chem.  Pharm.  Ivii.  43. 
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THE    LECITHINS. 

711  Vauquelin  was  the  first  to  observe  that  the  substance  of 
the  brain  contains  a  phosphoretted  fat.^  Fremy  then  showed  that 
this  yields,  on  decomposition  with  alkalis,  oleic  acid,  glycerol, 
and  phosphoric  acid,  and  to  it  he  gave  the  name  of  oleo- 
phosphoriG  acid}  He  and  Valenciennes  also  found  a  similar 
phosphoretted  fat  in  the  flesh  of  fish;^  and  Gobley  gave  to  this 
body  the  name  of  lecithin  (from  XetciOo^,  yolk  of  egg),  inasmuch 
as  this  same  compound  occurs  in  this  material,  and  it  is  also  con- 
tained in  ox-bile,  venous  blood,  and  other  substances.  He  was 
not  able  to  obtain  it  in  the  free  state,  but  he  showed  that  it  yields 
glycerol-phosphoric  acid,  margaric  acid,  and  oleic  acid  as  pro- 
ducts of  decomposition.  Hoppe-Seyler  was  the  first  to  obtain 
lecithin  in  the  crystalline  condition  from  the  yolk  of  egg  and 
from  caviare,*  and  he  showed  that  this  substance  occurs  widely 
distributed  in  nature,  not  only  in  the  animal-  but  also  in  the 
vegetable-world,  occurring  in  cells  in  process  of  growth.  He 
found  it,  amongst  other  sources,  in  yeast  and  various  fungi,  in 
many  seeds,  in  all  the  organs  and  liquids  of  the  human  body, 
with  the  exception  of  the  urine,  gastric  fluid,  saliva,  and 
pancreatic  secretion  ;  in  the  electrical  organs  of  the  torpedo,  and 
in  large  quantities  in  the  blood  of  the  higher  forms  of  Leuco- 
cythsemia.^  It  has  been  shown  by  Diakonow  ^  and  Strecker'' 
that  lecithin  decomposes  on  boiling  with  baryta-water  into 
choline,  glycero-phosphoric  acid,  and  fatty  acids,  of  which 
palmitic  acid,  stearic  acid,  and  oleic  acid  have  ah-eady  been 
found.  Hence  it  would  appear  that  several  different  lecithins 
exist,  of  which  di-stearyl  lecithin  has  been  prepared  tolerably 
pure.  From  the  analysis  of  this  body  Diakonow  gives  to 
it  the  formula  C^^Hg^NPO^,  whilst  Strecker  gave  the  formula 
Q^^^^VOc^  to  a  lecithin  which  on  decomposition  yielded 
palmitic  and   oleic  acids   together  with    a   little    stearic   acid. 


^  Ann.  Chim.  Ixxx.  27,  60. 

2  Ann.  Chim.  FMjs.  [3],  ii.  474.  Uk  1.  172. 

*  3led.  Chenu  Unters.  216. 

«  76.  1866-71. 

«  Ih,  ii.  221  ;  iii.  405. 

'  Ann.  Ghem.  Phann.  cxlviii.  77. 
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The  following  formulas  represent  the   chemical  constitution  of 
di-stearyl- lecithin : 

(    (0C,,H3,0),  C3H,-OC,3H3,0 

^'^'\  OPO I  OH  ^"  \  .O.C.H^OH 

^  ^''^^  (  OC2H,N(CH3)30H  \0P0^       | 

\OH.N(CH3)3 

Prqxtraiion. — In  order  to  prepare  lecithin,  yolk  of  egg  is  shaken 
up  with  ether  until  this  ceases  to  be  coloured,  the  residue  treated 
with  water,  quickly  washed  on  a  filter,  and  then  digested  with 
alcohol  at  50° — 60°.  The  solution  is  quickly  evaporated  down  to  a 
syrupy  consistency,  dissolved  in  a  small  quantity  of  absolute  al- 
cohol, and  the  filtered  solution  cooled  in  a  freezing  mixture.  After 
some  time  stearin-lecithin  separates  out  in  nodulai'  masses  or 
less  frequently  in  fine  crystalline  tablets,  whilst  olein-lecithin 
remains  in  solution.  On  drying  the  former  compound  remains 
as  a  wax-like,  imperfectly-crystalline  mass,  which  is  very  hygro- 
scopic, and  dissolves  easily  in  ether-chloroform  and  the  fatty 
oils.  When  the  ethereal  solution  of  this  mass  is  shaken  up 
with  dilute  sulphuric  acid  the  latter  substance  extracts 
choline,  and  the  ether  contaius  distearylglycerol-jy/iosj^horic  acid, 
Gfi^{G^Q~H^fi^.:^V0J1.2'  The  potassium  salt  of  this  acid  is  a 
crystalline  body  (Diakonow). 

Strecker  also  prepared  his  lecithin  from  yolk  of  egg,  extract- 
ing it  with  a  mixture  of  ether  and  alcohol,  distilling  off  the 
ether,  and  adding  alcohol  to  the  residue  in  order  to  precipitate 
the  fatty  oils  contained  in  the  egg.  On  addition  to  the  filtrate 
of  an  alcoholic  solution  of  platinic  chloride  containing  hydro- 
chloric acid  a  flocculent,  yellow  precipitate  was  thrown  down, 
which  was  purified  by  repeated  solution  in  ether  and  preci- 
pitation with  alcohol.  Analysis  then  gave  the  formula 
(C42Hg3PN08Cl)2PtGl4.  On  passing  sulphuretted  hydrogen  into 
the  ethereal  solution  it  was  decomposed,  and  after  evaporation 
of  the  hydrochloric  acid  the  lecithin  remained  as  a  wax-like 
mass.  The  solation  of  this  in  alcohol-ether,  on  being  shaken 
with  silver  oxide,  lost  its  hydrochloric  acid,  silver  oxide  however 
beiag  dissolved,  which  was  removed  by  sulphuretted  hydrogen. 
On  evaporating,  the  lecithin  remained  as  a  homogeneous, 
translucent  mass. 

This  body  and  its  compounds  are  very  easily  decomposed. 
When  an  ethereal  solution  of  the  platinum  salt  is  allowed  to 
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stand,  choline,  platinum  chloride  separates  out  gradually,  and' the 
alcoholic  solution  of  the  hydrochloride  of  lecithin  decomposes 
after  some  time  with  separation  of  fatty  acids.  The  solution  of 
free  lecithin  decomposes  slowly  in  the  cold  but  quickly  on 
heatincr.  Lecithin  when  brought  into  contact  with  water 
increases  in  bulk  and  the  starch-like  mass  exhibits  under  the 
microscope  various  forms  of  filaments,  spherules  and  drops. 

Similar  gelatinous  forms  were  first  observed  by  Yirchow 
when  nerve  fibres  are  exposed  to  the  action  of  water  for  some 
length  of  time,  and  are  known  as  myeline  forms. 

712  Protagon,  C^g^Hg^g^^POgg.  This  very  complicated  com- 
pound must  be  mentioned  here  because  it  was  formerly  confounded 
with  lecithin  and  was  afterwards  regarded  as  being  a  mixture 
of  this  body  with  cerebrin,  a  phosphoretted  substance 
contained  in  the  brain.  Protagon  (irpcorayo^  leading  the  van) 
was  first  discovered  by  Liebreich,  who  gave  to  it  the  formula 
^116^241-^4-^*^22-'^  Its  existence  was  afterwards  corroborated  by 
Gamgee  and  Blankenhorn,  who  assigned  to  it  the  above  com- 
position, remarking,  however,  that  a  definite  formula  can  only  be 
obtained  from  an  examination  of  its  decomposition-products.' 

The  highest  percentage  of  phosphorus  found  in  this  body 
by  Liebreich  was  1"5.  Gamgee  and  Blankenhorn,  who  prepared 
the  substance  with  great  care  and  determined  the  phosphorus 
with  accuracy,  found,  on  the  other  hand,  as  a  mean  of  five  well 
agreeing  analyses,  the  number  1'068.^ 

In  order  to  prepare  protagon,  perfectly  fresh  ox  brains  are  freed, 
as  completely  as  possible,  from  blood  and  adhering  membrane, 
and  are  then  digested  for  many  hours  (18 — 24)  in  85  per  cent, 
alcohol  in  a  large  incubator  kept  constantly  at  45°.  The  fluid 
is  filtered  whilst  hot  and  the  insoluble  matter  again  treated  with 
a  fresh  mixture  of  spirit,  the  proceeding  being  repeated  four  or 
five  times,  as  long  in  fact  as  the  filtrate  cooled  to  0°  deposits  a 
fair  quantity  of  a  white  fljocculent  precipitate.  This  precipitate 
is  collected  oil  a  filter,  and  being  thence  transferred  to  a  stoppered 
bottle  is  thoroughly  and  repeatedly  agitated  with  ether  in  order 
to  dissolve  cholesterin  and  other  bodies  soluble  in  ether.  The 
ether  having  been  removed  first  by  decantation  and  then  by 
filtration,  the  substance  left  undissolved  is  first  of  all  dried 
between  sheets  of  filter-paper  in  air  and  afterwards  over 
sulphuric    acid  or  phosphorus  pentoxide.     The  resulting  mass, 

^  Ann,  Chem.  Pharm.  cxxxiv.  29. 

2  Froc.  Roy.  Soc.  xxix.  151 ;  xxx.  111. 
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which  is  snow-white,  is  reduced  to  powder,  moistened  with  a 
Utile  water  and  digested  for  many  hours  with  alcohol  heated 
to  45°.  From  the  filtered  liquid,  if  this  be  allowed  to  cool 
very  gradually,  the  protagon  separates  in  the  form  of  micro- 
scopic needles  mostly  arranged  in  rosettes,  the  appearance  and 
arrangement  of  which  differ  somewhat,  as  Liebreich  has  very 
exactly  pointed  out,  according  to  the  degree  of  concentration  of 
the  solution. 

The  once  crystallised  protagon  thus  obtained  is  collected  on  a 
filter,  washed  with  ether,  and  dried  first  of  all  in  air  and 
ultimately  over  phosphorus  pentoxide.  It  is  then  recrystallised 
as  many  times  as  required,  the  process  always  beginning  by 
pulverizing  and  thoroughly  shaking  with  cold  ether.^ 

Like  lecithin,  protagon  produces  with  water  myeline  forms, 
and  like  this  it  is  also  very  easily  decomposed  ;  and  amongst  its 
products  of  decomposition  Liebreich  noticed  choline,  fatty  acids, 
and  glycerol-phosphoric  acid. 


SULPHUR   COMPOUNDS  OF   PROPENYL. 

713  Pro'penyl  Hydrosulphides  or  Sid^phhyclrins  are  formed 
by  the  action  of  the  chlorhydrins  on  an  alcoholic  solution  of 
potassium  hydrosulphide.^ 

Monosulphhydrin,  03115(0  H^.^SH,  is  a  thick,  colourless  liquid 
which  possesses,  when  warmed,  a  peculiar  disagreeable  smell. 
It  is  scarcely  soluble  in  water  and  forms  amorphous  mercaptides. 

Disulphhydrin,  GfifiB.(SB.\,  is  a  liquid  similar  to  the  above 
and  contains  two  atoms  of  hydrogen  easily  replaceable  by  metals. 

Trisulphhydrin,  €3115(811)3,  is  a  colourless  liquid  much  more 
mobile  than  glycerol  and  possessing  an  unpleasant,  ethereal 
smell.  The  salts  of  the  heavy  metals  yield  flocculent  precipitates 
with  its  alcoholic  solution. 

Propenyl  Monosidphonic  Acid,  G^E^^OR^SOfi,  it  obtained  by 
oxidizing  monosulphhydrin  with  nitric  acid.  It  is  a  gum-like, 
deUquescent  mass,  whose  salts  crystallize  with  difficulty  (Carius). 

Propenyl  Disxilphonic  Acid,  €3115011(80311)2.  The  potassium 
salt  is  easily  formed  when  a  concentrated  solution  of  normal 

^  Gamgee,  Physiological  Chemistry  of  the  Animal  Body,  vol.  i.  427- 

'^  Carius  and  FeiTein,  Ann.  Chem,  Pharm.  cxxn.  71  ;  Carius,  ih.  cxxiv,  221. 
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potassium  sulphite  is  boiled  with  dichlorhydrin  ^  or  epichlor- 
hydrin.^  It  forms  large  rhombic  crystals  having  the  formula 
C3HgO(S03lv)2+2H20.  When  its  concentrated  solution  is  treated 
with  barium  chloride  the  barium  salt,  C3H(jO(S03)2Ba  +  2H20, 
separates  out,  on  standing,  in  warty  concretions.  If  this  be 
decomposed  with  sulphuric  acid  and  neutralized  with  lead 
carbonate,  the  lead  salt,  C3HgO(S03)2Pb-H2H20,  is  obtained, 
crystallizing  in  large,  easily-soluble  crystals.  By  the  action  of 
sulphurreted  hydrogen  on  the  lead  salt  the  free  acid  is  obtained 
as  a  hygroscopic  syrup. 

Pro]penyl  Trisuljphonic  Acid,  0311^(80311)3.  When  trichlor- 
hydrin  is  boiled  with  a  solution  of  potassium  sulphite,  it  gradually 
dissolves,  and  on  evaporation  an  imperfectly  crystalline  mass 
separates.  This  contains  chlorine,  and  is  probably  a  double  salt 
of  potassium  chloride  and  potassium  propenyl  trisulphonate,  and 
it  is  not  decomposed  into  its  constituents  by  recrystalbzatioa. 
When  heated  with  sulphuric  acid  in  order  to  drive  off  the 
hydrochloric  acid  and  neutralized  with  barium  carbonate,  hariitw, 
fropcnyl  trisulphonate,  {Q^^^{^O^qB^^,  is  deposited  as  a  diffi- 
cultly-soluble powder  fSchaliffelen). 

Chlorhydrin  Stdphonic  Acid,  CgH^^CICOH^SOgH,  is  formed 
by  heating  epichlorhydrin  with  acid  sodium  sulphite.  The 
sodium  salt,  CgH^CKOHjSOgNa  -|-  2H2O,  thus  obtained  forms 
large,  monoclinic  crystals.  The  free  acid  is  obtained  by  decom- 
posing the  alcoholic  solution  of  the  sodium  salt  with  oxalic  acid. 
It  is  a  deliquescent  syrup  which  forms  salts  usually  crystal- 
lizing well.^  When  the  sodium  salt  is  heated  with  sodium 
sulphite,  sodium  propenyl  disulphonate  is  formed  (Paschke). 


NITROGEN  COMPOUNDS  OF  PROPENY 

714  Propenyl  Hydroxy  diamine  or  Diamidoliychnn,  C3H5 
(NH2)20H.  This  body  is  formed,  together  with  glycidamine, 
C3H5(NH2)0,  when  dichlorhydrin  is  heated  with  a  one-per-cent. 
solution  of  alcoholic  ammonia.  When  the  solution  is  evaporated 
the  hydrochloride  of  the  first  base  is  formed.  In  order  to  separate 
it,   the   liqiiid   is   allowed   to   stand    over  ether  until  the  free 

^  Schauffelen,  Jnn.  Chem.  Pharm.  cxlviii.  111. 

'■^  Paschke,  Journ.  Prald.  Chan.  [2],  i.  82. 

^  Darmstiidter,  Ann.  Chcm,  Pharm-.  cxlviii.  125. 
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ammonia  has  disappeared.  If  more  ether  be  gradually  added,  a 
small  quantity  of  sal-ammoniac  is  first  thrown  down,  then 
hydrochloride  of  diamidohydrin,  and  lastly  the  glycidamine  salt^ 
which  crystallizes  in  needles  or  prisms  if  the  materials  are 
anhydrous ;  otherwise  it  is  formed  as  a  syrup,  as  it  is  excessively 
hygroscopic. 

If  dichlorhydrin  be  heated  with  strong  alcoholic  ammonia, 
cMorhydriniinide,  C3^2-^-l97N3CI04,  is  formed,  a  white  amorphous 
mass  which  swells  up  with  water  to  form  a  voluminous  jelly. ^ 

Fropenyl  Triaynme,  Cj,H;^(NH.;,).^,  is  obtained  by  the  reduction 
of  the  corresponding  nitro-compound,  to  be  described  hereafter. 
It  is  an  oily,  unpleasantly-smelling  liquid,  the  hydrochloride 
forming  a  white  crust  and  yielding  a  platinichloride  crystallizing 
in  octohedrons. 

PropenylTrimethylAmmoniiun  Chloride,!^  (C^^^)fi^IL^{01^^ 
is  formed  by  heating  chlorhydrin  with  trimethylamine.     It  is 
deposited  in  needles  easily  soluble  in  water  and  its  platinichloride 
crystallizes  in  orange-red,  rectangular  tables.^ 

Trinitropropane,  CJ3.^(N0c,)^,  is  formed  by  the  action  of  silver 
nitrite  on  tribromhydrin.  It  is  a  heavy,  yellow  oil,  boiling 
between  190°  and  200°,  and  yielding  with  alcoholic  potash  the 
compound  C3H2K3(N02)3  which  is  a  white  powder  soluble  in 
water.^ 


GLYCERIC  ACID,  or   DIOXYPROPIONIC  ACID, 

715  This  substance  was  obtained  by  Debus  ^  and  Sokolow,^ 
by  oxidizing  glycerol  with  nitric  acid.  It  is  also  formed  when 
glycerol  is  heated  with  bromine  and  water,  or  when  calcium 
chlorlactate  is  treated  in  aqueous  solution  with  silver  oxide  :^ 

CiCH2.CH(OH)C02\ 

>Ca     +     Ag,0     +     H^O     = 

ClCHo,CH(OH)CO/ 

(OH)CH2.CH(OH)C02. 

>Ca     4     2AgCL 
(0H)CH2.CH(0H)C0/ 

^  Glaus,  Ann.  Ckem.  Pharm.  clxviii.  29. 

^  V.  Meyer,  Ber.  Dcutsch.  Chem.  Ges.  ii.  186  ;  Fanriot,  Ann.  Chim.  Fhys.  [51., 
xvii.  99.  3  Brackebusch,  Ber.  Deutsch.  Chem.  Ges.  vi.  1289.. 

*  Ann.  Chem.  Pharm.  cvi.  79 ;  cix.  227.  ^  -^^.  cvi.  95.. 

^  Frank,  lb.  ccvi.  338. 
188 
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In  ordei'  to  prepare  glyceric  acid  a  long  cylinder  is  filled  with 
equal  parts  of  nitric  acid,  glycerol,  and  water,  and  the  reaction 
which  takes  place  after  some  little  time  is  allowed  to  go  on 
without  the  aid  of  heat.  The  product  of  this  reaction  is 
concentrated  on  a  water-bath  and  then  converted  into  the 
calcium  salt  (Debus)  or  lead  salt/  from  which,  by  means  of 
oxalic  acid  or  sulphuretted  hydrogen,  as  the  case  may  be,  the 
free  acid  is  separated.  This  remains,  on  evaporating  the 
solution,  as  a  strongly-acid  syrup,  which  on  standing  deposits 
small  needles  of  the  anhydride  C^H^Og,  whose  molecular 
formula  is  doubtless  a  multiple  of  this.  This  is  difficultly 
soluble,  even  in  boiling  water,  and  crystallizes  from  it  in  thin 
six-sided  prisms.  Boiling  water  converts  this  anhydride  only 
slowly  into  glyceric  acid,  and  this  takes  place  more  quickly  in 
presence  of  a  small  quantity  of  milk  of  lime.^  On  dry  distil- 
lation, water,  formic  acid,  acetic  acid,  and  pyroracemic  acid  are 
first  given  off;^  and  then  pyrotartaric  acid,  its  anhydride  and 
other  poducts.* 

When  distilled  with  acid  potassium  sulphate,  pyroracemic 
acid  is  formed  in  large  quantity  :  ^ 

CH..OH  CHg 

I     "  I 

CH.OH    -     CO        +    H,0. 

I  I 

CO2H  CO^H 

Glyceric  acid  is  monobasic,  and  forms  salts  which  usually 
crystallize  well- 

Calcium  Glyceratc,  (GgHj^O  JgCa  -h  2II2O,  is  deposited  in  crusts 
tolerably  soluble  in  water.  Strontium  Glycerate,  (CgH^O^gSr, 
is  almost  insoluble  in  cold  water,  but  dissolves  readily  in  hot 
water,  and  deposits  in  crystals  united  in  warty  concretions.  Lead 
Glycerate^  {Q.^fi^^h,  is  difficultly  soluble  in  cold,  but  readily 
soluble  in  hot  water,  and  crystallizes  in  hard  crusts. 

716  Ethyl  Glycerate,  Q^Xy^iQ^^,  is  formed  when  glyceric 
.acid  is  heated  for  some  hours  to  170° — 1 90°  with  four  times  its  bulk 
■of  absolute  alcohol.     It  is  a  thick  liquid  having  a  bitter  taste,  and 

^  Beilstein,  Ann.   Chem.    Pharm.  cxx.  226  ;  Mulder,  Ber.  Dexctsch.  Chem.  Ges, 
ix.  1902. 

-  Sokolow,  lb.  xi.  679. 

^  Moldenhauer,  Ann.  CJieni.  Pharm..  cxxxi.  323. 

^  Bottinger,  ib.  cxcvi.  92. 

°  Eiienmeyer,  £er.  Deutsch.  CheTn.  Ges.  xiv.  320. 
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boiling  between  230° — 240°.  By  the  action  of  nitro-sulphuric 
acid  it  is  converted  into  the  nitrate,  C2H3(NOs)2C02.C2H5,  a 
heavy,  oily,  easily-combustible  liquid.^ 

^-DichloTioTopionic  Add,  CHgCl.CHCl.COgH,  is  formed  by 
oxidizing  the  corresponding  chlorhydrin,  and  its  chloride,  is 
obtained  by  the  action  of  phosphorus  chloride  on  glycerol.  It 
crystallizes  in  small  needles,  melts  at  50°,  and  boils  with  decom- 
position at  210^.  On  acting  with  absolute  alcohol  upon  the 
chloride  ethyl  ^-dichlorpi'opionate,  C3H3Cl202(C2H5),  is  formed,  a 
liquid  boihng  at  183°— 184°. 

^-I)ihro7nproj)ioniG  Acid,  CHgBr.CHBr.COgH,  is  obtained  by 
oxidizing  /3-propenyl  dibromhydrin  with  nitric  acid,^  and  it  is 
also  formed  when  a-dibrompropionic  acid  is  heated  to  100°  for 
eight  days  w^ith  fuming  hydrobromic  acid.^  It  is  tolerably  soluble 
ia  water,  and  crystallizes  in  two  forms  which  can  be  produced  at 
pleasure  by  bringing  the  fused  acid  in  contact  with  the  one  or 
the  other.  The  more  stable  form  crystallizes  in  tables,  which 
melt  at  64°.  Heated  to  a  higher  point,  the  second  modification 
is  formed,  and  this  melts  at  51°;  it  forms  compact  prisms,  which 
when  kept,  pass  into  the  first  form.^  Both  modifications  belong 
to  the  monoclinic  system.^  The  salts  of  the  acid  are  but  slightly 
stable,  and  are  easily  converted,  with  formation  of  a  metallic 
bromide,  into  bromacrylic  acid. 

r  Amidoglycerol  or  Serin,  C2H3(OH)(NH2)C02H,  is  formed  by 
boihng  serecin  or  silk-substance  with  dilute  sulphuric  acid.  It 
crystallizes  from  hot  water  in  hard  oblique  prisms  having  a  faint 
sweet  taste.  In  its  chemical  relations  it  agrees  with  the  other 
amido-acids;  it  yields  glyceric  acid,  on  treatment  with  nitrous 
acid.^ 


BUTENYL  ALCOHOL,  Q;S.^{0'R%. 

717  It  has  already  been  stated  (p.  166)  that  acetaldehyde  is 
converted,  with  loss  of  water,  into  crotonaldehyde,  and  that  this 
unites  with  hydi'ogen  to  form  crotonyl  alcohol,  CH3.CH  ZI 
CH-CHg-OH^,  butyraldehyde  and    normal    butyl    alcohol    also 

^  Henry,  Ber.  Deutsch.  Chem.  Ges.  iv.  705. 
^  Munder  and  Tollens,  Ann.  Chem.  Pharm.  clxvii.  222- 
^  Phillipi  aud  Tollens,  ih.  clxxi.  337. 

■*  Linnemann  and  Penl,  Ber.  Deutsch.  Chem.  Ges.  viii.  1099  ;  Tollens,  ih,  1448, 
1452. 
"  Zepharovich,  Jahreah.  Chem,  1878,  693. 
^  Cramer,  Jahresb.  1865,  655. 
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being  formed.  The  crotonaldehyde,  -which  will  be  described 
later  on,  combines  with  a  molecule  of  bromine  to  form  hutenyl 
dihromhydrin,  CH3.CHBr.CHBr.CH20H,  and  this  when  heated 
with  a  large  quantity  of  water  is  converted  into  'biitenyl-glycerol, 
CH3.CH(OH).CH(OH).CH20H.  This  is  a  thick,  sweetish- 
tasting  liquid,  which  boils  under  a  diminished  pressure  of  27  mm. 
at  172° — 175°.  When  heated  with  acetic  anhydride  to  150° 
the  triacetin,  0^117(0211302)3,  is  formed,  a  somewhat  thick  liquid, 
having  a  weak  but  pleasant  smell,  and  boiling  at  261°'8.  When 
butenyl  alcohol  is  heated  with  hydriodic  acid  it  is  reduced  to 
secondary  butyl  iodide.' 


PENTENYL  ALCOHOL,  G^B.^{On)^ 

718  This  is  obtained  from  tiglic  aldehyde,  O5H3O,  and  forms 
a  sweet-tasting  syrup.^ 


HEXENYL  ALCOHOL,  CeHii(0H)3. 

719  The  point  of  departure  for  this  glycerol  is  crotonyl  methyl 
carbinol,  OH2=:CH.CH20H2CH(OH)CH3,  a  body  which  will  be 
described  hereafter.  The  acetic  ether  of  this  carbinol  combines 
with  a  molecule  of  bromine,  and  the  product  heated  with  acetic 
acid  and  silver  acetate  to  120°  yields  the  triacetin,  a  thick  liquid 
boiling  at  280° — 285°.  This  when  boiled  with  water  and  lead 
oxide  yields  a  glycerol  possessing  the  following  constitution, 
HO.OH2.0H(OH).OH2.0H2.0H(OH).OH3.  It  is  a  very  thick 
liquid,  having  a  sweetish-bitter  taste,  and  boihng  under  a 
pressure  of  10  mm.  at  181°.^ 

^  Lieben  and  Zeisel,  Mooiatsh.  Chem.  i.  818. 

2  Herzig,  Monatsh.  Chan.  iii.  118. 

3  Markownikow  and  Kablukow,  ^er.  i?e2ffec^.  C^em.  Ges.  xni.  1842;  xiv.  1711. 
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CALS, C^H^ni,  AND  OF  THE  ACID  RADICALS, 

720  The  triad  radicals  can  also  act  as  monad  radicals  when 
two  atoms  of  carbon  are  linked  together  by  two  combining  units. 
Hence  the  compounds  of  these  radicals  stand  to  the  olefines  in 
the  same  relation  as  the  monad  radicals  of  the  fatty  acids  do  to 
the  paraffins.  Like  the  olefines,  these  hydrocarbons  combine 
directly  with  the  elements  of  the  chlorine  group,  with  their 
hydracids  and  so  forth.  Their  compounds  may  be  classed  as 
primary,  secondary,  and  tertiary. 

The  first  of  these  classes  contains  aldehydes  and  mono- 
basic acids.  Of  these  several  occur  in  nature  partly  as  glycerides 
in  a  variety  of  fats,  whilst  many  of  them  can  be  artificially 
prepared.  This  group  of  acids  is  termed,  from  its  first  member, 
the  Acrylic  Series.  The  members  of  this  series  maybe  obtained 
by  the  action  of  alkalis,  silver  oxide,  or  lead  oxide  on  the 
monosubstituted  fatty  acid;  thus  yS-iodopiopionic  acid  yields 
acrylic  acid  : 

CH9I         CHg 

I     ^  II 

CH2    =    CH    +    HI. 

I  I 

CO2H        CO2H 

The  oxyacids  in  which  the  hydroxyl  is  not  attached  to  the 
carbon  next  to  carboxyl,  decompose  on  distillation  into  water  and 
an  acid  of  this  group.  Thus  ^-oxybutyric  acid  yields  crotonic 
acid; 

CH3  CII3 

I  I 

CH.OH  CH 

I  =11+    H,0. 

CH2  CH 

I  I 

CO2H  CO^H 
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The  ethereal  salts  of  the  oxyacids,  which  can  be  obtained  from 
oxalic  acid  by  replacement  of  one  atom  of  hydrogen  by  an  alcohol 
radical,  and  which  are,  therefore,  at  the  same  time  tertiary 
alcohols  (see  p.  16),  are  converted  by  phosphorus  trichloride  into 
ethereal  salts  of  the  acrylic  acid  series,  or  as  Duppa  and  Frankland 
term  them,  iso-acrylic  acids>  The  ethyl  salt  of  iso-oxybutyric 
acid  is  thus  converted  into  that  of  methacrylic  acid  : 

CH3  CH3  CH3  CH, 

3     \x)H       H-    PCI3    =     3      C^      +    P(0H)3    +     3HC1. 

On  fusion  with  caustic  potash  the  acids  of  this  group  are 
decomposed  into  two  molecules  of  a  fatty  acid,  inasmuch  as  the 
molecule  splits  up  at  the  point  of  double  linkage  ;  thus  crotonic 
acid  decomposes  into  two  molecules  of  acetic  acid : 

CH3.CH=CH.C0,H  +  2K0H  =  2CH3.CO2K  +  H^. 

The  constitution  of  these  acids  may  in  many  cases  be  ascer- 
tained by  this  reaction,  though  not  in  all  cases,  as  isomeric  acids 
may  yield  the  same  products  of  decomposition.  Thus,  for 
instance,  the  two  following  acids,  having  the  formula  GoH-^fi^i 
yield  normal  butyric  and  acetic  acids  : 

Hydrosorbic  acid.      CHg.CHzzCH.CH^.CH^.CO^H 

CH3.CH^ 

Ethyl-crotonic  acid,  ;;C.C09H 

CH3.CH^ 

In  addition  to  this,  many  of  these  acids  are  converted  by 
heating  into  isomeric  modifications.  For  example,  isocrotonic 
acid,  CH2  ~  CH.CHg.GOgH,  is  thus  converted  into  crotonic 
acid,  and  therefore,  when  fused  with  caustic  potash  yields  only 
acetic  acid. 

In  their  physical  characters  these  acids  resemble  the  group  of 
the  fatty  acids.  The  first  terms  of  the  series  are  miscible  with 
water  and  easily  volatile.  With  increase  of  molecular  weight 
the  solubility  in  water  diminishes  and  the  boiling-point  in- 
creases. The  higher  members  of  the  series  are  oily  liquids  at 
the  ordinary  temperature  and  not  volatile  without  decomposition, 
and  these  when  acted  upon  with  even  a  small  quantity  of  nitric 

^  Journ,  Chem.  Soc,  xviii,  133. 
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acid  are  converted  into  crystalline  isomeric  modifications.  Their 
glycerides  exhibit  similar  properties.  They  are  distinguished 
from  the  con-esponding  fatty  acids,  inasmuch  as  their  lead  salts 
are  easily  soluble  in  ether,  and  by  this  means  they  can  be 
readily  separated  from  the  latter  series  with  which  they  occur. 

721  The  secondary  and  tertiary  alcohols  belonging  to  this 
series  are  obtained  by  reactions  similar  to  those  employed  for 
the  preparation  of  the  corresponding  compounds  of  the  fatty 
group.    The  members  already  known  are  described  on  p.  411. 


THE  ALLYL  COMPOUNDS. 

722  In  1844  Wertheim  proved  that  the  chief  constituent  of  oil 
of  garlic  obtained  from  the  bulbs  of  Allium  sativum  is  the  sulphide 
of  a  radical  to  which  he  gave  the  name  of  Allyl,  C^Hg,^  At  the 
same  time  Will  showed  that  the  volatile  oil  of  mustard  (Sinapis 
nigra)  may  be  looked  upon  as  the  sulphocyanide  of  the  same 
radical,^  and  Wertheim  then  made  the  interesting  observation 
that  by  distilling  the  roots  of  garlic  mustard  {Alliaria  officinalis), 
a  plant  which,  like  the  mustard  plant,  is  a  crucifer,  the  volatile 
oil  of  mustard  can  be  obtained,  whilst  the  leaves  of  the  plant 
yield  a  volatile  body  which  smells  exactly  like  garlic  oil.^ 
Shortly  after  he  showed  that  garlic  oil  can  be  converted  into 
mustard  oil,  and  "cice  versd.^ 

By  the  action  of  iodide  of  phosphorus  on  glycerol,  Berthelot 
and  de  Luca  in  1854  obtained  the  compound  C3H5I,  to  which 
they  gave  the  name  of  iodopropylene,^  and  they,  as  well  as 
Ziuin,^  found  that  thi's  body  can  be  converted  into  mustard  oil 
by  heating  it  with  potassium  thiocyanate  or  silver  thiocyanate. '' 
Other  allyl  compounds  were  then  prepared  by  these  chemists,® 
as  well  as  by  Hofmann  and  Cahours.^ 

Allyl  Alcohol,  C3H5.OH.  Cahours  and  Hofmann  obtained  this 
body  by  treating  the  iodide  with  silver  oxalate,  and  then  passing 
dry  ammonia  into  the  allyl  oxalate,  when  oxamide  separates  out 
rapidly  : 

(PzS-,0\Qf>,  +  2NH3  =  2C3H,.OH  +  C,0,  (NH,),. 

^  Ann.  Chem.  Pharm.  li.  289.  ^  Ih.  Hi.  1. 

3  lb.  lii.  52.  *  lb,  Iv.  297. 

^  lb.  xcii.  307.  ^  /&.  icv.  128. 

^  lb,  icvii.  126.  8  /^_  c.  Z:S.  ^  lb.  c.  355  ;  cii.  235. 
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The  allyl  alcohol  is  then  distilled  off  by  heating  in  a  bath  of 
chloride  of  calcium. 

Allyl  iodide  can  also  be  converted  into  the  alcohol  by  the 
methods  already  described  (Part  I.  p.  154).  The  simplest  plan 
is,  however,  to  heat  glycerol  with  oxalic  acid,  when  monoformin 
(p.  365)  is  obtained,  and  this  decomposes  as  follows  : 

CIL.OH  CH, 

I     ^  II     " 

CH.OH       =        CH  +     CO,     +    KO. 

I  I 

CH^O.COH  CH..OH 

For  this  purpose  4  parts  of  glycerol  and  1  part  of  crystallized 
oxalic  acid  are  heated  in  a  retort  to  195°,  the  receiver "  chansfed, 
and  the  temperature  allowed  to  rise  to  260°.  The  distillate  is 
rectified,  warmed  with  caustic  potash,  re-distilled,  and  dried, 
first  over  caustic  potash,  and  finally  over  caustic  baryta.  If  the 
oxalic  acid  contain  alkali,  as  is  almost  always  the  case,  from 
half  to  one  per  cent,  of  sal-ammoniac  must  be  added  in  order  to 
get  a  good  yield. "^ 

Allyl  alcohol  is  also  found  in  small  quantity  in  crude  wood- 
spirit.^ 

It  is  a  mobile  liquid  which  possesses  a  pungent  odour,  boils 
at  96°*6,  and  at  0°  has  a  specific  gravity  of  0"8706  (Thorpe).  It 
retains  water  very  strongly,  and  when  mixed  with  this  liquid 
the  boiling-point  is  lowered.^  When  heated  with  solid  caustic 
potash  to  150°,  propyl  alcohol  is  formed  together  with  ethyl 
alcohol,  formic  acid,  propionic  acid,  and  other  compounds.^ 
Chromic  acid  solution  oxidizes  it  to  acryl  aldehyde,  formic  acid 
also  being  produced.^ 

Its  compounds  with  the  halogens  and  their  hydracids  have 
already  been  described.  These  may  be  looked  upon  as 
propenyl  compounds,  or  as  substitution-products  of  primary 
propyl  alcohol. 

^  Tollens,  Ann.  Chrm.  Pharm.  clvi.  129. 

-  Aronheim,  Bcr.  Dcutsch.  Chem.  Gcs.  vii.  1381 ;  Grodski  and  Karraer,  ib.  vii, 
1492. 

^  Dittniar  and  Stewart,  Chcm.  News,  xxxiii.  53. 
^  Tollens,  Ann.  Chem.  Pharm.  clix.  92. 
^  Einne  and  Tollens,  ib.  clix.  110. 
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ALLYL   ETHERS. 

723  AlUjl  Oxide  or  Bi-aUijl  Ether,  {G^rXO,  was  obtained  by 
Bertbelot  and  de  Luca,  by  acting  with  mercuric  oxide  on  allyl 
iodide/  and  Cahours  and  Hofmann  also  obtained  it  by-  the 
same  method,  as  well  as  by  dissolving  sodium  in  allyl  alcohol, 
and  treating  the  product  with  allyl  iodide. ^  It  is  a  liquid 
smelling  hke  horse-radish,  and  boils  at  8^\ 

Ethyl  Allyl  Ether,  C3H50(C2H5),  boils  at  66°— 67°,  and  has  a 
specific  gravity  of  0-7651  at  20°  (Briihl). 


ETHEREAL  SALTS  OF  ALLYL 

724  Allyl  Chloride,  C3H5CI,  is  obtained  by  heating  the  iodide 
"with  mercuric  chloride,  or  by  warming  the  oxalate  with  calcium 
chloride  and  alcohol  at  100°.^  It  is,  however,  best  obtained  by 
the  action  of  phosphorus  trichloride  on  the  alcohol^  It  is  a  liquid 
possessing  a  pungent  smell,  boiling  at  44°-6,  and  at  0°  having  a 
specific  gravity  of  0'9547.  It  combines  with  hypochlorous  acid 
to  form  /9-dichlorhydrin. 

Allyl  Bromide,  CgHgBr.  This  compound,  which  serves  for 
the  preparation  of  the  trimethylene  con^pounds,  is  best  obtained 
by  pouring  a  mixture  of  equal  volumes  of  sulphuric  acid  and 
water  on  to  potassium  bromide,  and  dropping  allyl  alcohol 
into  the  warmed  mixture.^  It  is  a  pungently  smelling  liquid, 
having  at  0"  a  specific  gravity  of  1'461,  and  boiling  at  70° — 71° 
(ToUens). 

These  two  ethereal  salts  of  allyl  unite  with  chlorine  or  bromine 
to  form  propenyl  compounds,- and  with  the  hydracids,  according 
to  the  conditions,  to  form  propylene  or  trimethylene  compounds. 

Allyl  Iodide,  C3H5I.  In  order  to  prepare  this,  160  parts  of 
allyl  alcohol  are  mixed  with  254  parts  of  iodine  and  twenty  parts  of 
phosphorus,  and  the  mixture,  after  standing  twenty-four  hours,  is 
distilled  in  a  stream  of  carbon  dioxide  (ToUens  and  Henninger). 

1  Ann.  Chim.  Phy^.  [3] ;  xlviii. '286. 

^  Ann.  Chem.  Pharm,  cii.  285. 

^  Oppenheim,  lb.  cxl.  205.. 

*  Tollens  and  Henninger,  lb.  clvi.  154. 

^  GrosLeintz,  Bull.  Soc.  Chim.  xxx.  98. 
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To  prepare  it  from  glycerol,  fifteen  parts  of  this  liquid,  which 
must  be  well  dried,  are  mixed  with  ten  parts  of  iodine  in  a 
retort,  and  three  parts  of  white  phosphorus  gradually  added,  the 
mixture  being  then  distilled  in  an  atmosphere  of  carbon  dioxide.^ 
The  product  thus  obtained  usiially  contains  secondary  propyl 
iodide  and  allyl  alcohol  (p.  358).  In  order  to  purify  it,  it  is 
dissolved  in  alcohol  and  shaken  up  with  mercury,  by  which 
means  allyl  mercury  iodide,  CgH^Hgl,  is  formed,  and  this  is 
crystallized  out  from  boiling  alcohol,  and  then  decomposed  by 
water  and  the  theoretical  quantity  of  iodine.^ 

Allyl  iodide  is  a  liquid  having  a  pungent  alliaceous  smell, 
boiling  at  101°'5 — 102°,  and  having  at  12°  a  specific  gravity  of 
1*848.  When  heated  with  20  parts  of  water  to  100°;  it  gradually 
dissolves  with  formation  of  allyl  alcohol.^  Bromine  converts  it 
into  tribromhydrin. 

The  above-mentioned  mercury  compound  crystallizes  in  white 
scales,  and  is  converted  by  moist  silver  oxide  into  allyl  mercury 
hydroxide,  C,^H5Hg(0H),  which  is  a  syrujDy  alkaUne  liquid, 
forming  salts  with  acids.^ 

If  allyl  iodide  be  added  to  an  alcoholic  solution  of  potassium 
nitro-ethane,  allyl-nitro-ethane,  C^HgNOg,  is  formed.  This  is 
volatile  not  without  decomposition,  and  it  is  converted  by  zinc 
and  hydrochloric  acid  into  the  amine,  C^^HgNHg,  boiling  at  85".^ 

725  Allyl  Nitrate,  C3H5NO3,  is  formed  by  the  action  of  silver 
nitrate  on  allyl  bromide.  It  is  a  pungent  mobile  liquid  boiling 
at  106'.^ 

A  llyl  Borate,  (C3H^)3B03,  is  formed  by  heating  allyl  alcohol 
with  boron  trioxide  to  130°.  It  is  a  liquid  giving  a  pungent 
vapour  which  causes  a  flow  of  tears,  and  boils  at  168° — 175°. 
It  combines  with  six  atoms  of  bromine  to  form  a  thick 
liquid,  which  is  decomposed  by  water  into  boric  acid  and 
yS-dibromhydrin.^ 

Allyl  Formate,  CgHgCHOg,  is  formed  in  the  preparation  of 
formic  acid  from  glycerol  and  oxalic  acid.  It  is  a  liquid 
possessing  a  sharp  mustard-like  smell,  and  boiling  at  82° — 83°.* 


^  Kannonikow  and  Saytzew,  Ann.  Chein  Fharm.  clxxxv.  191. 

2  Linuemann,  ib.  Suppl.  iii.  263. 

3  Niederist,  Ann.  Chem.  Pharm,  cxcvi.  350. 
^  Krasowsky,  Zeitsch.  Chem.  1870,  527. 

^  Gal,  Bull.  Soc.  Chim.  [2],  xx.  13. 

^  Henry,  Ber.  Deutsch.  Chem.  Gcs.  v.  452. 

7  Councler,  Journ.  Prakt.  Chem  [2],  xviii.  376. 

8  Tollens,  ZeiUch.  Chem,  1866,  518;  1868,  4il. 
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Allyl  Acetate,  C3H-.C2H3O,  is  an  aromatic  pungent-smelling 
liquid,  having  a  sharp  taste,  and  boiling  at  103° — 104°.^ 

Allyl  Oxalate,  (03115)20204,  is  an  oily  liquid  which  has  a  smell 
resembling  both  mustard  and  ethyl  oxalate,  and  boils  at  207° 
(Cahours  and  Hofmann). 

Allyl  Cyan/or  mate,  C3H5.O.CO.ON,  Cyanogen  gas  is 
absorbed  by  allyl  alcohol  "with  evolution  of  heat,  the  compound 
C3H5(CN)20H  being  formed.  This  is  a  colourless  liquid, 
smelling  like  acetonitril,  and  boiling  at  150° — 151°. ^  It  is 
decomposed  by  fuming  hydrochloric  acid  with  formation  of 
sal-ammoniac,  oxamide,  allyl  chloride,  and  allyl  cyanformate. 
Ttiis  last  is  a  liquid  having  a  mustard-like  smell,  and  boiling  at 
135V 

726  Substitution  products  of  Allyl  Alcohol  and  of  its  Ethers  and 
Ethereal  Scdts,  The  ethers  are  obtained  by  the  action  of  alcoholic 
potash  on  the  isomeric  epichlorhydrins  or  epibromhydrins,  and 
the  ethereal  salts  are  produced  when  the  latter  compounds  are 
treated  with  potassium  acetate,  silver  nitrate,  &c.,  whilst  the 
alcohols  can  be  obtained  from  the  ethereal  salts.  It  is  usual  to 
distinguish  as  a-compounds  those  containing  the  group 
CH2~CX.CH2  and  as  /3-compounds  those  containing  the 
group  CHXIIOH.CH2,  in  which  X  signifies  a  halogen. 

^  jS-bromallyl  alcohol, 
^  a-chlorallyl  ethyl  ether, 

^  ^-chlorallyl  ethyl  ether, 

^  a-bromallyl  ethyl  ether, 

^  ^-bromall}^  ether, 

*  /3-bromallyl  nitrate, 

*  a-chlorallyl  acetate, 

*  /3-chlorallyl  acetate, 

lodallyl  Alcohol,  C3H4I.OH,  is  formed  by  the  action  of  a  dilute 
solution  of  carbonate  of  soda  on  y^-propenyl  di-iodhydrate,  and 
it  crystallizes  in  needles  which  melt  at  160°  ^ 

^  Zinin,  Ann.  diem,  Pharm.  xcvi.  361 ;  Cahours  and  Hofmann,  loc  at.  ; 
Bhihl  Liebig's  Ann.  cc.  179.  ^  Tollens,  Ber.  Dcutsch.  Chem.  Gcs.  v.  621. 

*  "Wagner  and  Tollens,  ih.  v,  1045. 

*  Heniy,  Ber.  Deutsch.  Chem.  Ges.  v.  449.  ^  lb.  v.  189. 
^  Friedel  and  Silva,  Jahrcsb.  1872,  824. 

^  Henry,  Ber.  Deutsch,  Chem.  Ges.  v.  188.  «  Henry,  ib.  vu  729. 

^  Iliibner  and  Lellmann,  ib.  xiii.  461. 
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CjH.Br.OH 

155° 

''^^}- 

110° 

'-m- 

120°— 125° 

^•gs}« 

130°— 135° 

(C3H,Br),0 

212°— 215° 

CjH.Br.NOj 

140°— 150° 

G,H,C1(C,H302) 

140°— 145° 

C3H,C](C,H30,) 

156°— 159° 
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SULPHUR  COMPOUNDS  OF  ALLYL. 

727  Alh/l  Hydrosidphide,  C3H5.SH.  This  mercaptan  was  first 
obtained  by  Cahours  and  Hofmann  by  the  action  of  the  iodide 
upon  an  alcohoHc  solution  of  potassium  hydrosulphide.  It  is  a 
liquid  boiling  at  90**,  and  possessing  a  smell  resembling  that  of  oil 
of  garlic,  though  being  somewhat  more  ethereal.  It  unites  with 
mercuric  oxide  to  form  a  mercaptide,  which  crystallizes  from 
alcohol  in  pearly  glistening  scales. 

Allyl  Sulphide,  (03115)28.  Oil  of  garlic  was  first  investigated 
by  Cadet,  and  that  of  onions  (Allmm  lepa)  by  Fourcroy  and 
Yauquelin,  and  in  this  the  latter  chemists  proved  the  presence 
of  sulphur.^  Wertheim  then  showed  that  the  first  of  these  oils 
consists  j^rincipally  of  allyl  sulphide,  and  Oahours  and  Hofmann 
obtained  it  artificially  by  the  action  of  allyl  iodide  on  an  alcohohc 
solution  of  potassium  sulphide.  In  addition  to  garlic,  various  other 
plants,  as  the  herb  and  seeds  of  Thlasjn  arvense,^  Iberis  amara, 
and  other  crucifers,  yield  allyl  sulphide  on  distillation  with 
water,  together  usually  with  oil  of  mustard.^ 

Both  allyl  sulphide  and  mustard-oil  a.re  products  of  decom- 
position of  more  complicated  compounds.  That  which  yields 
mustard-oil  is  known,  but  not  that  from  \vhich  the  allyl  sulphide 
is  derived.  That  this  latter,  for  example,  is  not  contained  ready- 
formed  in  the  seeds  of  Thlaspi  arvense  is  shown  by  the  fact  that 
when  they  are  bruised  dry  they  are  odourless,  and  that  it  is  only 
when  they  are  macerated  and  bruised  in  water  that  the  smell 
becomes  evident.  Further  particulars  of  this  will  be  given  under 
Mustard-oil. 

Allyl  sulphide  is  a  powerfully  refractmg  liquid,  which  does 
not  possess  so  unpleasant  a  smell  as  the  crude  oil  of  garlic,  and 
boils  at  140°.  If  mixed  with  an  alcoholic  solution  of  silver 
nitrate,  a  precij3itate  of  (03H5)2S(AgN03)2  is  thrown  down,  and 
this  crystallizes  from  hot  alcohol  in  needles.  Precipitates  are 
also  produced  with  mercuric  chloride,  platinic  chloride,  &c. 

The  ethereal  oil  of  assafcetida  appears  also  to  contain  allyl 
sulphide,  as  its  mercury  compound  yields  mustard-oil  on  distilla- 
tion with  potassium  thiocyanate.^ 

1  Gmelin,  Kandb.  Ckem.  ix.  372. 

2  Werthdm,  Ann.  Chcm.  Pharm.  li.  289  ;  Iv.  297. 

3  Pless,  ib.  Iviii.  36. 

*  Hlasiwetz,  Ann.  Chcm.  Pharm,  Ixxi.  23. 
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NITROGEN  BASES  OF  ALLYL. 

728  Allylaminey  C3H5NH.3,  was  prepared  by  Hofmanu  and 
Cahours  from  allyl  isocyanate  and  from  allyl  iodide.  It  is  best, 
however,  prepared  from  mustard-oil  by  treating  it  with  zinc  and 
hydrochloric  acid^  or  with  sulphuric  acid  containing  some  water  :2 


N 


IgA    +     HP     =    NigA_^cOS. 


Allylamine  is  a  liquid  possessing  a  strong  ammoniacal  odour, 
and  causing -sneezing  and  a  flow  of  tears.  It  boils  at  58°,  and 
has  a  specific  gravity  at  15°  of  0*864.  It  is  miscible  with  water 
with  evolution  of  heat,  and  precipitates  many  metallic  salts. 
The  sulphate  forms  feathery  crystals,  and  the  hydrochloride  is 
deposited  in  deliquescent  needles,  whilst  the  platinichloride 
forms  orange-coloured  monoclinic  tablets. 

Triallylamine,  (G^H^)^!^,  is  obtained  by  distilling  tetrallyl- 
ammonium  hydroxide  (Cahours  and  Hofmann),  or  more  simply 
by  distilling  the  corresponding  bromide  with  an  excess  of  freshly 
fused  caustic  potash.^  Its  formation  from  allyl  chloride  and 
potassium  cyanide  is  remarkable.  If  an  alcoholic  solution  of 
these  bodies  be  allowed  to  stand,  the  tertiary  base  is  formed 
together  with  the  nitril  of  ethoxybutyric  acid,  pyrotartaric  acid 
and  its  nitril,^  the  following  reactions  taking  place : 

(1)  CH^izCH.CHgCl  +  KCN  +  OH.C^H^  = 

CH3.CH(OC2H5)CH2.GN  +  KCl. 

(2)  CHg—CKCHgCl.  +  2K0N  +  Ufi  = 

CH3.CH(CN)CH,.CN  +  KCl  +  KOH. 

(3)  CH3.CH(CN)CH2.CN  +  2K0H  +  2H2O  = 

CH3.CH(C02K)CH2.C02K  +  2NH3.  ' 

(4)  3C3H5CI  +  4NH3  =  (C3H5)3N  +  3NH,C1. 

Triallylamine  is  a  light,  unpleasantly  pungent-smelling  liquid, 
boilingat  150°— 15r 

^  Oeser,  Ann.  Chem.  Pharm.  cxxxiv.  8. 

^Hofmann,  B&r.  D&utsch.   Cfiem.   Ges.  i.  182 ;   Rinne,  Ann.   Chem.  Pharm. 
clxviii.  262. 
'  Grosheintz,  Bull.  Soc.  Ckim.  xxxi.  391. 
*  Pinner,  Per,  Deutseh.  Chem,  Ges.  xii.  2054. 
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Tctrallylammonium  Iodide,  N(C.jH5)^I.  This  is  the  chief 
product  of  the  action  of  ammonia  on  allyl  iodide.  Indeed,  at 
ordinary  temperatures  crystals  of  this  compound  separate  out, 
the  quantity  being  increased  by  the  addition  of  caustic  potash 
as  the  salt  is  insoluble  in  concentrated  caustic  ley.  Freshly 
precipitated  silver  oxide  converts  it  into  the  strongly  caustic  and 
alkaline  hydroxide. 

729  Mixed  Allylamines.  The  two  following  have  been  obtained 
by  Rinne  ^  by  heating  allylamine  with  ethyl  iodide : 


an 


B.P. 


3"^5 


Ethyl  allylamine,     N^  G^H.  84° 

(h 

Diethyl  allylamine,  N  I  C^H^         100°— 103' 

Dimonochlorallylamine,  (C3H^C1)2NH,  is  formed  by  heating 
trichlorhydrin  with  alcoholic  ammonia.  It  is  an  oily  liquid 
which  boils  with  decomposition  at  194°,  and-possesses  a  character- 
istic smell  and  an  alkaline  reaction.^ 

Tribromhydrin  yields  a  corresponding  compound,^  whilst 
a-tetrachlorglycid  forms  tetraehlordiallylaminey  (03113012)2^11, 
a  strongly  alkaline  oily  liquid  which,  evaporates  in  a  current  of 
steam.* 
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730  Allyl  Carhamine,  ON.OgH^^,  is  obtained  by  heating  allyl 
iodide  with  silver  cyanide.  It  is  a  mobile  liquid  which  boils  between 
96°  and  106°.  Its  smell  is  so  penetrating  and  unpleasant  that 
when  a  bottle  containing  it  is  opened  the  air  of  the  room  is 
offensive  for  many  days,  and  so' much  is  this  the  case  that  it 
could  not  be  carefully  further  examined.^ 

Allyl  CarhiwAde,  or  Allyl  Isocyanate,  OO.NO3H5,  was  obtained 
by  Cahours  and  Hofmann  by  acting  with  allyl  iodide  on  silver 

^  Ann.  Chcm.  Pharyn.  clxviii.  261. 
^  Engler,  Ann.  Chcm.  Pharm.  cxlii.  77. 

3  Simpson,  Ann,  Chim.  Phys.  [3],  Ivi.  129  ;  Reboul,  Ann.  Chem.  Pharm. 
Suppl.  i.  232. 

*  Fittig  and  Pfeffer,  Ann.  Chem.  Pharm.  cxxxv.  363. 
^  Lieke,  Ann.  Chcm.  Pharm.  cxii.  316, 
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cyanate.      It  is  an  unpleasantly  smelling  liquid  which  causes 
a  flow  of  tears  and  boils  at  82°. 

Allyl  Thiocyanate,  NCSCgH^.  As  soon  as  oil  of  mustard 
had  been  artificially  prepared  by  heating  allyl  iodide  with 
potassium  thiocyanate  or  silver  thiocyanate,  this  oil  was  naturally 
looked  upon  as  allyl  thiocyanate.  Further  examination  proved 
that  it  is  not  this  compound  but  its  isomeride,  allyl  thiocarbimide, 
and  its  formation  by  the  above  reaction,  by  which  it  must  be 
remembered  the  other  iodides  of  the  alcohol  radicals  yield  the 
true  ethereal  salts  of  thiocyanic  acid,  remained  unexplained  until 
BUleter^and  Gerlich^  showed  that  allyl  thiocyanate  possesses 
the  remarkable  property  of  being  easily  converted  into  the 
isomeric  oil  of  mustard,  whilst  all  the  other  ethereal  salts  of 
thiocyanic  acid  are  very  stable  compounds.  Billeter  obtained  the 
thiocyanate  by  the  action  of  lead  allyl  mercaptide  on  an  ethereal 
solution  of  cyanogen  chloride  : 

(C3H,)2S2Pb  +  2CNC1  =  2C3H,.SCN  -f  PbCl^. 

According  to  Gerlich  it  is  obtained  when  a  solution  of 
ammonium  thiocyanate  in  three  parts  of  alcohol  is  mixed  with 
allyl  bromide,  and  the  whole  allowed  to  stand  in  a  vessel 
surrounded  by  ice,^  and,  when  the  reaction  is  complete,  pre- 
cipitating with  ice-cold  water. 

Allyl  thiocyanate  is  a  colourless,  strong  refracting,  oily  liquid 
possessing  an  alliaceous  odour,  at  the  same  time  reminding  one 
of  that  of  hydrocyanic  acid.  It  appears  to  exert  a  poisonous 
action,  inasmuch  as  on  working  with  the  substance  for  some  time 
headache,  nausea,  and  nervous  excitement  are  noticed.  It  begins 
to  boil  at  161°,  but  the  boiling-point  soon  sinks,  and  an  intense 
smell  of  mustard-oil  is  evolved;  the  whole  of  the  allyl  thio- 
cyanate being  completely  converted  into  this  substance  if  an 
inverted  condenser  be  employed,  and  the  liquid  heated  until 
the  boiling-point  sinks  to  148° — 149°.  This  molecular  inter- 
change takes  place  slowly  at  the  ordinary  temperature.  Alcoholic 
potash  converts  it  into  potassium  thiocyanate  and  allyl  mer- 
captan,  and  when  brought  in  contact  with  sodium  amalgam  it  is 
converted  by  a  violent  reaction  into  allyl  carbamine. 

731  Allyl  Thiocarlimide,  CS.NC3H5.  The  Attic  Greek 
comedians  mention  mustard  as  a  biting  substance  which  causes  a 
flow  of  tears,  but  is  an  excellent  substance  for  giving  a  relish  to 

^  Bet.  Deutsch.  Chen}.  Oes.  Tiii.  464.  ^  /&•  viii,  650. 

3  Ann.  Chcm.  Pharm.  clxxviii.  80. 
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certain  kinds  of  food.  That  this  well  known  property  of  mustard 
is  due  to  the  presence  of  a  volatile  oil  ap23ears  to  have  been  first 
observed  by  Lefebre  in  1660.  Boerhave  also  mentions  the 
same  fact  in  1732,  and  Thibierge  in  1819  proved  that  this  oil 
contains  sulphur,^  whilst  Boutron  aud  Eobiquet,^  as  well  as 
Faure/  found  in  1831  that  the  mustard  seeds  do  not  contain 
it  ready  formed.  Boutron  and  Fremy  then  showed  that  the 
mustard  seeds  contain  a  peculiar  albuminoid  substance,  which 
when  brought  in  contact  with  the  odourless  aqueous  extract 
obtained  from  mustard-fiour,  which  has  previously  been  treated 
with  hot  alcohol,  brings  about  the  formation  of  the  volatile  oil. 
Bussy  next  isolated  the  compound  from  which  the  mustard-oil 
is  obtained  by  this  decomposition,  and  found  that  it  is  the 
potassium  salt  of  an  acid  to  which  he  gave  the  name  of  myronic 
acid  (/jivpov,  perfume  or  balsam)  and  that  when  placed  in  contact 
with  water  and  with  the  above-named  ferment,  termed  niyrosin, 
it  yields  the  essential  oil.^  Will  and  Korner  investigated  this 
subject  more  fully. 

In  place  of  common  mustard  seeds  those  of  Sin  apis  juncea 
are  much  used.  This  kind  of  mustard  is  grown  in  India,  Central 
Asia,  and  South  Hussia,  and  also  yields  oil  of  mustard,  as  also 
do  horse-radish,^  the  roots  of  Beseda  odorata,^  and  other  plants 
which  have  be6n  mentioned  (p.  386). 

In  order  to  prepare  mustard-oil  the  seeds,  freed  from  fatty, 
oil  by  pressure,  are  mixed  with  from  3  to  6  parts  of  water  to 
form  a  paste,  and  then  an  aqueous  extract  of  white  mustard  is 
added,  this  not  yielding  any  mustard-oil,  but  being  rich  in 
myrosin.  The  water  must  be  cold,  as  hot  water  coagulates 
myrosin,  like  albumen,  and  renders  it  inactive.  After  24  hours 
the  whole  is  distilled,  the  oil  separated  from  the  water,  and  the 
latter  used  for  another  preparation  as  it  contains  some  dis- 
solved oil.  A  thousand  parts  of  black  mustard  seed  macerated 
with  fresh  water  yield  from  2  to  7  parts  of  the  oil,  but  if  water 
saturated  with  the  oil  by  previous  distillations  be  used,  the 
product  may  amount  to  from  11  to  12  parts. 

Oil  of  mustard  is  now  also  artilicially  prepared  by  the  action  of 
potassium  thiocyanate  on  allyl  iodide  at  50° — 60°.  This  usually 
also  contains  the  isomeric  ally!  thiocyanate.^ 

^  Jmcrn.  PJvtrm.  v.  439.  ^  lb.  xvU.  294.  ^  xh.  xvii.  299 ;  xxi.  464. 

4  Ih.  xxvi    468.  ^  lb.  xxvi.  39. 

^  Hubatka,  Ann.  Chem.  Pharm.  xlvii.  153. 

7  Vollrath,  Jahresb.  1871,  408, 

^  Rillfter,  Ber.  Dcutsch,  Olieon,  Gcs,  viii.  820. 
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Wertheira  found  that  the  mercuric  chloride  compound  of  oil 
of  garlic  when  heated  with  potassium  thiocyanate  to  120° — 130° 
is  converted  into  oil  of  mustard ;  and  vice  versa,  the  latter  is 
converted  into  oil  of  garlic  when  heated  with  potassium  sulphide 
to  100°. 

The  composition  of  oil  of  mustard  was  first  exactly  deter- 
mined by  Will,  who  also  completely  investigated  its  derivatives. 

Properties. — Oil  of  mustard  is  a  colourless,  highly-refracting 
liquid,  boiling  at  150°'7,  and  at  0°  having  a  specific  gravity  of 
1'036.  Its  taste  and  smell  are  penetrating  and  pungent,  causing 
a  flow  of  tears,  and  it  produces  blisters  on  the  skin,  for  which 
reason  it  is  used  in  medicine  as  an  excitant.  On  exposure  to 
light  it  gradually  becomes  yellow,  depositing  a  deep-yellow 
amorphous  powder  which  contains  nitrogen  and  sulphur  and 
closely  resembles  pseudosulphocyanogen  (Vol.  I.,  p.  674<). 

Eobiquet  and  Bussy  observed  that  when  crude  oil  of  mustard 
is  heated  for  some  time  to  100°  in  a  distillation-apparatus  a 
light  ethereal-smelling  oil  passes  over.^  This  was  shown  by 
Will  to  be  crotonitril,  C3H5.CN.  It  is  formed  by  the  action  of 
water  on  oil  of  mustard,  this  substance  losing  sulphur.  It 
occurs  in  commercial  oil  of  mustard  in  varying  quantities  which 
may  amount  to  as  much  as  50  per  cent.^ 

Ghlorallylthiocarhimide,  CS.NC.H^Cl,  is  formed  by  heating 
epichlorhydrin  with  potassium  thiocyanate  and  alcohol.  It  is 
a  very  pungent-smeUing  liquid  boiling  at  185°.  The  correspond- 
ing bromine  compound  boils  at  200°.^ 

Myronic  Acid,  r^^jH^c^NSgOio. 

732  This  is  scarcely  known  in  the  free  state.  Its  potassium 
salt,  as  has  been  stated,  is  contained  in  the  seeds  of  black  mustard, 
and  it  was  first  obtained  by  Bussy.  Other  chemists  did  not  suc- 
ceed in  preparing  it,  but  its  existence  was  corroborated  by  Ludwig 
and  Lange,*  and  its  formula  ascertained  by  Will  and  Korner.^ 

In  order  to  prepare  potassium  myronate,  black  mustard  pul- 
verised, but  not  freed  from  oil  by  pressure,  is  heated  to  the 
boihng-point  with  alcohol  in  order  to  render  the  myrosin  inac- 
tive.    The   dried  and  pressed  residue  is  then  extracted  withi 

^  Ann.  Chim.  Phys.  Ixxii.  328. 

2  Ann.  Chem.  Pharm.  cxxv.  278. 

3  Henry,  Ber.  Deutsch.  Chem.  Ges.  v,  138. 
*  Zeitsch.  Pharm.  iii.  403  and  577. 

^  Ann.  Chem,  Pharm,  cxiv.  257. 
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cold  water  and  the  extract  treated  with  barium  carbonate  and 
evaporated  on  a  water-bath,  the  resi(k;e  extracted  with  alcohol 
and  the  solution  thus  obtained  allowed  to  evaporate,  when 
potassium  myronate,  CjQH-j^gKNS2O;L0'  separates  out.  This  is 
purified  by  recrystallization  from  strong  boiling  alcohol,  when 
the  salt  separates  out  in  silky  needles,  whilst  from  an  aqueous 
solution,  in  which  it  is  much  more  readily  soluble,  it  is  deposited 
in  the  form  of  short,  glassy,  four-sided  prisms,  which  are  odour- 
less and  have  a  cooling,  bitter  taste.  When  the  concentrated 
solution  is  decomposed  by  tartaric  acid  and  alcohol  added,  a 
solution  of  free  myronic  acid  is  obtained,  but  as  yet  the  acid  has 
not  been  prepared  in  the  pure  state. 

Myronic  acid  is  also  found  in  the  seeds  of  Brassica  rapa,  whilst 
it  does  not  occur  in  those  of  Brassica  napus.  If  the  meal  of  the 
latter  be  rubbed  up  with  water,  a  peculiar  smell,  different  from 
that  of  mustard-oil,  is  noticed,  from  which  the  occurrence  of 
another  sulphur  compound  is  rendered  probable.^ 

When  a  solution  of  myrosin  or  an  extract  of  white  mustard 
is  added  to  an  aqueous  solution  of  the  potassium  salt,  this  latter 
decomposes  into  oil  of  mustard,  acid  potassium  sulphate,  and 
glucose  : 

At  the  same  time  a  part  of  the  oil  is  converted  into  sulphur 
and  crotonitril. 

When  silver  nitrate  is  added  to  a  solution  of  potassium  my- 
ronate  a  white  precipitate  of  C^H^NAg^SgO^  is  thrown  down 
and  glucose  remains  in  solution : 

C,oH,3KNS20,o  -f  2AgN03  =  C,H,NAg,S,0,  -t-  C,H,,0,  + 
KXO3  -F  HNOg. 

The  silver  compound  is  decomposed  on  heating  it  with  water 
into  silver  sulphate  and  oil  of  mustard :    - 

C^H^NAg^Sp,  =  C,H,NS  +  Ag^SO,. 

In  this  case  silver  sulphide  and  crotonitril  are  also  formed, 
■and  these  products  are  also  obtained  together  with  free  sulphur 
.and  sulphuric  acid  by  the  action  of  sulphuretted  hydrogen. 
'The  constitution  of  myronic  acid  is  not  known. 

733  Sinalhin,  CgoH^^NgSaO^g.  This  compound,  which  is  con- 
tained in  white  mustard  seed  (Sinapis  alha)^  may  here  be  mentioned 

^  Ritthansen,  Joiorn.  Prakt.  Chcm.  [2],  xxiv.  273. 
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owing  to  its  analogy  to  potassium  myronate,  although  the  pro- 
ducts of  decomposition  which  it  yields  belong  to  another  group 
which  will  bo  afterwards  described.  It  has  long  been  known 
that  powdered  white  mustard  when  rubbed  up  with  water 
possesses  a  sharp  taste  but  evolves  no  smell.  The  substance 
from  which  this  sharp-tasting  compound  is  produced  was  isolated 
by  Robiquet  and  Boutron/  but  more  accurately  examined  by 
Will,  who  gave  to  it  the  above  name  and  proposed  that  the 
corresponding  potassium  myronate  should  be  termed  sinnigrinP- 
This  chemist,  together  with  Laubenheimer,  then  investigated 
sinalbin  more  exactly.^  In  order  to  prepare  it,  the  seeds,  freed 
from  the  fatty  oils  by  pressure,  are  dissolved  in  spirits  of  wine, 
and  the  crystalline  mass  which  separates  on  cooling  is  dissolved 
in  a  small  quantity  of  water.  The  filtered  solution  is  precipitated 
by  alcohol  and  the  precipitate  recrystallized  from  boiling  spirit. 
Sinalbin  is  easily  soluble  in  water,  less  so  in  alcohol,  and  crystal- 
lizes in  small,  pearly  needles.  Myi'osin  converts  it  in  aqueous 
solution  into  sinalbin-mustard  oil,  acid  sulphate  of  sinapine  and 
glucose : 

C3„H^N,S,0j,  =  C,H,O.NCS  +  C„H,3N0,.H,S0,  +  C,H,,0,. 

Sinalbin-mustard-oil  is  an  oily,  non-volatile  liquid,  possessing 
an  exceedingly  sharp  taste  and  producing  blisters  on  the  skin, 
though  not  acting  so  energetically  as  mustard- oil.  As  in  the 
case  with  the  latter  compound  it  also  easily  loses  sulphur, 
yielding  the  nitril  of  an  oxyphenylacetic  acid,  CgH4(0H) 
CH2.CO2H. 


CARBAMIDE  COMPOUNDS  OF  ALLYL. 

734  Allyl  Urea,  CO.N2H3(C3H5),  is  obtained  by  acting  with 
aqueous  ammonia  on  allyl  carbimide  ^  and  also  by  boiling  oxalyl- 
thiosinamine  with  a  solution  of  silver  nitrate.^  It  deposits  in 
large  prisms  which  are  easily  soluble  in  water  and  melt  at  241°. 

Biallyl  Urea,  COCNH.CgHs)^  was  discovered  in  1840  by 
Simon,  who  obtained  it  by  acting  with  lead  oxide  and  water 
on  mustard  oil,  and  termed  it  siiiapoUne.     It  was  afterwards 

^  Journ.  Pharm.  xvii.  279. 

2   Wien.  Akad.  Ber.  [2],  Ixi.  178. 

^  Liebig's  Ann.  cxcix.  150. 

*  Cahours  and  Hofmann,  Ann,  Chem.  Pharm.  cii.  290. 

fi  Maly,  Zeitsch.  Chem.  1869,  261. 
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investigated  by  Will,  who  prepared  it  by  boiling  oil  of  mustard 
with  baryta  water : 

]Sr(CS)C.H5  +  HgO  =  N(CO)C3H5  +  H^S 
2N(CO)C3H5  +  H^O  =  COCNH.CgH,)^  -\-  COg. 

Diallyl  carbamide  is  also  formed  when  allyl  carbimide  is 
heated  with  water  (Cahours  and  Hofmann).  It  crystallizes  from 
hot  water  in  glistening  saponaceous  lamina,  which  melt  at  100°. 
It  has  an  alkaline  reaction  and  volatilizes  in  a  current  of  steam. 

Allyl-tJiio-urea,  CS.N2H3(C3H5),  was  obtained  in  1834  by 
Dumas  and  Pelouze  by  the  action  of  ammonia  on  oil  of  mustard. 
It  was  then  examined  by  AVill,  who  proposed  for  it  the  name  of 
thio-sinamine  in  place  of  that  which  had  been  hitherto  used, 
namely  mustard-oil  ammonia.  In  order  to  prepare  it,  oil  of 
mustard  is  mixed  with  four  volumes  of  aqueous  ammonia,  and 
ammonia  gas  passed  in  to  saturation,  when  the  thio-carbamide 
gradually  crystallizes  out.  It  forms  glistening  crystals  which  are 
tolerahly  soluble  in  water  and  easily  soluble  in  alcohol,  and  melt 
at  74°.  When  given  in  moderate  doses  it  produces  palpitation 
and  sleeplessness,  amniooium  thiocyanate  being  found  in  the 
urine. 1  It  acts  as  a  weak  base  and  resembles  the  other  carba- 
mines  in  combining  with  salts.  When  bromine  is  added  to  its 
alcoholic  solution  the  dibromide,  C^HgNgSBrg,  is  formed.  This 
crystallizes  in  six-sided  prisms  and  contains  one  atom  of  bromine 
much  more  intimately  united  than  the  other.  It  is  converted 
by  treatment  with  moist  silver  chloride  into  chlorobromide, 
whilst  freshly-precipitated  silver  oxide  converts  it  into  the 
hydroxide,  C4HgN2SBr(OH),^  a  syrup  having  an  alkaline  reaction 
and  a  bitter  taste.  Thio-sinamine  unites  also  with  a  molecule 
of  iodine,  and  when  cyanogen  is  passed  into  its  alcoholic  solution 
the  following  reaction  takes  place  : 

/NH2  CN  /NH C-NH 

CS  4-      I         =    CS  I 

\NH(C3H5)  CN  \N(C3H5)C=:NH 

The  compound  thus  obtained  is  deposited  in  golden-yellow 
scales,  and  on  heating  with  dilute  sulphuric  acid  is  converted 
into  oxalylthiosinamine,  the  imido-groups  being  replaced  by 
oxygen.  This  crystallizes  fi'om  hot  water  in  lemon-yellow 
needles,  melting  at  89° — 90°.     When  warmed  with  a  solution  of 

^  Wohler  and  Frehrichs,  Ann.  Chem.  Pkarm,  Ixv.  335, 
2  Maly,  ZeitscJi.  Chem.  1867,  42. 
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silver  nitrate,  silver  sulphide  and  allyl-oxyalyl-urea  are  formed. 
]f  however  the  nitrate  be  present  in  excess,  silver  oxalate  and 
allyl-urea  are  produced  (Maly). 

735  -Al^y^  Cyanamide  or  Sinaminc,  CN.TSIH(C3H5),  is  obtained 
by  heating,  on  a  water-bath,  thio-sinaniine  Avith  fresbly-pre- 
cipitated  lead  hydroxide.  The  residue  is  extracted  with  alcohol, 
and  this  on  evaporation  leaves  a  syrup  f.oni  which,  after  some 
months,  hard,  glistening,  monoclinic  prisms  separate,  having  the 
composition  (C^HgNg)^  +  H.,0.  These  melt  at  100°  with  loss  of 
water,  yielding  an  imperfectly  crystalline  mass  "which  quickly 
absorbs  moisture  from  the  air.  The  syrupy  sinamine  contains 
less  water  than  the  crystalline  hydrate.  Sinamine  possesses 
a  powerfully- bitter  taste,  has  a  strong,  alkaline  reaction, 
decomposes  ammonia  salts,  and  combines  with  acids,  though  it 
does  not  form  solid  salts  with  the  exception  of  the  oxalate.  It 
precipitates  many  metaUic  salts  and  combines  with  the  chlorides 
of  mercury  and  platinum  (Will).  According  to  Hofmann 
sinamine  is  probably  triallyl  cyanuraviide,  C3N3(NH.C3H5)3.^ 
Ethyl  Allyl  Monothiccarhaviate,  CS(NH.C3H5)OCoH5,  is  formed 
by  heating  mustard-oil  with  alcohol.  It  is  an  alliaceous-smelling 
oilboihngat  210°— 215".^ 

Allyl  Dithiocarhamic  Acid,  CS(NH.C3H5)SH.  This  acid,  of 
which  the  salts  only  are  known,  was  termed  by  Will  mustard-oil 
sulphuretted  hydrogen.^  Its  constitution  was  first  determined 
by  Gerhardt.*  The  potassium  salt,  G^HgNSgK,  is  formed  by 
adding  mustard-oil  to  an  alcoholic  solution  of  potassium  hydro- 
sulphide  until  the  smell  disappears.  It  is  then  allowed  to 
evaporate  in  a  vacuum,  when  it  deposits  in  large  rhombic  tables. 
If  a  solution  of  potassium  sulphide  be  employed,  the  salt 
CS(NKC3H5)SK  deposits  as  a  white,  granular  precipitate. 
Other  soluble  hydrosulphides  and  sulphides  give  similar  com- 
pounds, and  all  these  salts  easily  decompose  with  liberation  of 
oil  of  mustard. 

Tridhyl  pJios2Jhosinamine,  SCN(C3H5)P(C2H5)3,  is  formed  by 
the  direct  union  of  mustard-oil  wdth  triethyl  phosphine.  It 
crystalhzes  from  ether  in  tables  which  are  isomorphous  with 
thiosinamine.  They  melt  at  68°  and  decompose  at  a  higher 
temperature  into  trie  thy  Iphosphine  sulphide  and  allyl  carbamine.-^ 

^  Ber.  Deutsch.  Chem.  Gcs.  ii.  603. 
^  Hofmann,  Ber.  Deutsch.  Chem.  Gcs.  ii.  119. 

3  Ann.  Chem.  Pharm.  xcii.  59.  *  TraiU  Chim.  Org.  n-  403.^^^ 

^  Hofmann,  Ann,  Chem.  Fharm.  Suppl.  i.  57  ;  Ber.  Deutcch.  Chem.  Gcs.  lu. 
766. 


396  THE  ACRYLIC  SERIES. 


THE    ACRYL    COMPOUNDS. 

736  Acrylaldehyde,  or  Acrolein,  OgH^O,  It  has  long  been  known 
that  when  the  fats  are  heated  a  liquid  body  is  formed  possessing  an 
intensely  pungent  and  very  irritating  smell.  Buchner  endeavoured 
to  isolate  it  by  distilling  lard,  and  he  thus  obtained  a  very 
volatile  liquid,  and  he  states  that  a  mouse  placed  for  one 
minute  in  air  containing  some  of  the  vapour  of  the  com- 
pound died  in  fifteen  minutes  after  taking  it  out.^  Hess, 
who  prepared  this  compound  from  oil  of  hemp,  concluded 
from  certain  reactions  that  it  was  aldehyde  (lampic  acid),  and 
states  that  it  is  so  volatile  and  attacks  the  eyes  and  organs  of 
respiration  so  violently  that  any  idea  of  working  for  a  length  of 
time  upon  the  substance  must  be  given  up.^  Brandes,  who 
prepared  it  from  cocoa-nut  oil  and  other  fats,  could  not  obtain  it 
in  the  pure  state.^  He  gave  some  of  his  product  to  Berzelius, 
who  ascertained  that  it  is  an  aldehyde  and  termed  it  acrolein, 
Kedtenbacher  then  noticed  that  this  body  is  not  the  product  of 
decomposition  of  the  fatty  acids  but  of  fats,  and  is  therefore  to 
be  regarded  as  a  decomposition  product  of  glycerol,  and  he 
pointed  out  that  the  production  of  this  pungent  substance  might 
serve  as  the  best  proof  that  the  fats  contain  glycerol.  He  also 
proved  that  it  is  impossible  to  prepare  pure  acrolein  from 
the  fats,  but  that  it  may  be  readily  obtained  in  the  pure 
state  when  glycerol  is  distilled  with  dehydrating  agents  such  as 
phosphorus  pentoxide,  or  acid  potassium  sulphate,  and  that  it 
is  the  aldehyde  of  a  monobasic  acid  to  which  he  gave  the  name 
of  acrylic  acid.* 

Acrolein  is  formed  from  glycerol  by  the  removal  of  the 
elements  of  water : 

CH2.OH     OH2 

CH.OH   =  CH  +  2H,0. 

I  I 

GH2.OH     CHO 

In  order    to   prepare    it,    one   part   of    anhydrous   glycerol   is 

^  Gmelin,  Bandhoolc,  ix.  365.  2  ^^^^^  Chew..  Pliarm.  xx.  9. 

^  Gmelin,  loc.  cit.  ^  Ann.  Chem,  Pharm.  xlvii.  113. 
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distilled  with  two  parts  of  acid  potassium  sulphate.^  To 
obtain  it  in  the  anhydrous  condition,  and  to  free  it  from  acrylic 
acid,  it  is  collected  in  a  receiver  containing  calcium  chloride 
and  lead  oxide  and  rectified  over  calcium  chloride.^  Acrolein 
is  also  obtained  in  large  quantity  as  a  by-product  in  the  pre- 
paration of  oenanthol  from  castor-oil  (Schorlemmer).  It  may 
likewise  be  prepared  by  the  oxidation  of  allyl  alcohol. 

Acryl  aldehyde  is  a  mobile,  powerfully-refracting  liquid, 
boiling  at  52°-4,  and  having  a  vapour  density  of  1-897  (Eedten- 
bacher).  Its  vapour  attacks  the  raucous  membranes  of  the 
nose  and  eyes  in  a  frightful  manner.  Red tenbacher  remarks : 
''In  a  very  highly  diluted  condition  the  smell  is  not  altogether 
unpleasant,  being  somewhat  ethereal,  but  a  few  drops  of 
acrolein  brought  into  a  room  soon  bring  the  company  to  tears. 
It  chiefly  acts  upon  the  eyes,  the  vapour  producing  a  burning 
sensation  and  a  copious  flow  of  bears.  The  eyes  remain  red, 
without,  however,  other  evil  consequences  ;  but  on  repeated 
exposure  to  the  action  of  acrolein,  inflammation  sets  in,  and  this 
lasts  for  some  days.  The  action  cannot  however  be  said  to  be  a 
poisonous  one,  inasmuch  as  even  although  insensibility  may 
be  produced,  no  further  effects  are  noticed.  Its  taste  is  a 
pungent  and  burning  one."  When  exposed  for  some  length 
of  time  to  an  atmosphere  containing  small  quantities  of  the 
vapour  of  this  body  a  peculiar  feeling  is.  experienced  similar  to 
that  which  is  felt  after  indulgence  in  moderate  quantities  of 
alcohol  (Schorlemmer). 

737  In  the  pure  state  it  may  be  preserved  without  alteration, 
but  in  the  impure  condition  it  is  soon  converted  into  a  white  amor- 
phous body  which  is  probably  a  polymeric  modification,  and  has 
teen  termed  disacryl.  Caustic  alkalis  convert  it  into  a  resin, 
and  alcoholic  potash  or  sodium  ethylate  transforms  it  into 
monobasic  amorphous  hexacrolic  acid,  Cj^gHg^Og,  whose  salts  are 
amorphous.^  Acrolein  absorbs  hydrochloric  acid,  a  crystalline 
compound  being  formed  to  which  Geuther  and  Cartmell  gave 
the  name  of  acrolein  hydrochloride,  CgH^ClO.*  On  oxidation  it 
is  converted  into  /3-chlorpropionic  acid,  and  it  is  therefore  the 
aldehyde  of  this  substance.^    It  forms  white  silky  needles,  which 

^  Geuther  and  Cartmell,  ib.  cxii.  1  ;  Geuther  and  Hiibner,  ih.  cxiv.  35  ;  Claua, 
Zeitsch.  Ghem.  iv.  156. 
'^  Aronstein,  Ann.  Chem.  Fharm.  Suppl.  iii.  180. 

3  Glaus,  A7in.  Chem.  Pharm.  Suppl.  ii.  117;  Alsberg,  Zeiisch.  Chem.  i.  39. 
*  Ann.  GJhcm.  Pharm.  cxii.  3. 
"  Krestownikow,  Ber.  Devisch.  Chem.  Ges.  x.  1104. 
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have  a  faint  rancid  smell,  are  insoluble  in  water,  but  dissolve  in 
alcohol.  On  heating  with  caustic  potash  it  yields  a  polymeride 
of  acrolein  termed  metacrolcin.  This  is  slightly  soluble  in  hot 
water,  bat  dissolves  in  alcohol,  and  crystallizes  in  long  needles 
which  melt  at  50°  and  have  a  peculiar  aromatic  smell  and  a 
cooling  and  afterwards  burning  taste.  On  distillation  it  decom- 
poses with  partial  re-formation  of  acrolein,  and  it  is  also  con- 
verted into  this  substance  by  heating  with  aqueous  hydrochloric 
acid,  whilst  it  unites  the  gaseous  acid  forming  chiorpropion- 
aldehyde.  Phosphorus  pentachloride  acting  on  the  latter  com- 
pound yields  ^-chlorpropidene  chloride,  CHgCLCHp-CHCl.,,  a 
hquid  boiling  at  146° — 148°  It  can  also  be  obtained  in  a 
similar  way,  together  with  other  products,  from  acrolein.^  When, 
however,  hydrochloric  acid  acts  on  an  alcoholic  solution  of 
acrolein,  diethyl  chlorhydrin  is  formed,^  and  when  heated  with 
alcohol  and  acetic  acid,  propenylethyl  ether  is  produced  (Alsberg) : 

CH2  CHg.OCgHg 

II  I 

GH     +    3HO.C2H5    =     CH.OC2H5    -h    H2O. 

CHO  CH^.OG.Hg 

Some  doubt  has,  however,  been  lately  thrown  upon  the  last 
statement.^ 

Acrolein  is  reduced  in  presence  of  zinc  and  hydrochloric  acid  to 
allyl  alcohol  and  acropinacone,  CH2=CH(0H).CH(0H).CH:- 
CHg;  this  latter  body  is  a  camphor-like  liquid  bniling  at  160° — 180° 
(Linnemann),  Acrolein  absorbs  oxygen  on  exposure  to  air  and  is 
converted  into  acrylic  acid,  a  body  which  is  also  obtained  by  the 
action  of  silver  oxide  or  an  ammoniacal  silver  solution,  with 
deposition  of  a  silver  mirror,  though  it  is  not  obtained  when 
more  violent  oxidizing  agents  are  employed,  such  as  dilute  nitric 
acid,  which  yields  glycoUic  acid  and  oxalic  acid.* 

If  ammonia  gas  be  led  into  an  ethereal  solution  of  acrolein,^  or 
if  acrolein  be  dissolved  in  concentrated  ammonia,^  an  amor- 
phous body  termed  acrolein  ammonia  is  formed,  which  has  the 
formula  2(0^119^0)  -|-  HgO.  This  is  insoluble  in  cold  alcohol 
and  ether,  and  combines  with   acids  to  form  amorphous  salts, 

^  Viin  Roraburgh,  Bitll.  Soc.  Chim.  xxxvi.  459  ;  xxsvii.  98. 

■■^  Alsberg,  Jahresb.  1864,  495. 

■*  Tawildarow,  L'cr.  Dactsch.  Ohem.  Ges.  xii.  1487. 

*  Claus,  Ann.  Chem.  Pharm.  Snppl.  ii.  118. 

^  Redtenbacher  ;  Hiibner  and  Geuther. 

**  Clans,  Ann.  Chem.  Pharm.  cxxx.  185, 
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It  therefore  probably  belongs  to  the  family  of  the  aldines  (p.  75). 
It  decomposes  on  distillation,  and  amongst  the  j)\' odncis  j}icolinc, 
CgHyN,  is  found/  a  body  occurring  in  animal  oils. 


Allidene  Compounds. 

738  Like  other  aldehydes  acrolein  acts  in  certain  respects  as  the 
oxide  of  a  dyad  radical  termed  allidene,  C3II4.  The  following 
compounds  are  known  belonging  to  the  series.  They  are  obtained 
in  a  similar  way  to  the  ethidene  compounds^  (see  p.  67). 

B.P. 
Allidene  diethyl  ether,      ^  tt    f  OCgH^       -|4n°__i4c,° 
or  Acrolein  acetal,        ^    '^\  OCgH^ 

Allidene  dichloride,  C3H4  <  ^j  85° 


Allidene  chlorethylate,      Q^H^ -^  q.-,  tt         115° — 120' 
Allidene  diacetate,  C)3^4l  OP^TT^O         -^^^^ 


Sodium  Siilphallidene-Sfdpkite,  or  Sidphacrolein  Potassium 
SulpJdte,  C3H5(OH)(S03Na)2.  This  compound  is  obtained 
by  adding  acrolein  to  a  concentrated  solution  of  acid  sodium 
sulphite  until  its  smell  disappears.  The  compound  has  the 
following  constitution : 


CH 


CH.SO2.ONa 


CH 


/OH 
\O.SO2Ka 


Alcohol  precipitates  it  as  a  gummy  mass,  solidifying  to  a  wart- 
like sohd.  Acids  liberate  from  it  sulphur  dioxide  but  no  acro- 
lein, and  an  ammoniacal  solution  of  barium  chloride  precipitates 
barium  sulphite,  whilst  the  solution  contains  the  sodium  salt  of 
a-sulphopropionaldehyde,  CH3.CH(S03H).CHO.  On  oxidation 
with  silver  oxide  it  is  converted  into  a-sulphopropionic  acid,  a 
body  which  is  also  obtained  by  the  action  of  fuming  sulphuric 
acid  on  propionitril.  Sodium  amalgam  added  to  its  solution 
forms  oxypropane-stdpJionic  acid,  CH3CH(S03H).CH2.0H.    This 

^  Baeyer,  ib.  civ.  283. 

2  Hiibner  and  Geutlicr  ;  Aronsbeim  ;  van  Ponibuvgh. 
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is  also  obtained  by  the  action  of  sulphur  trioxide  on  propyl 
alcohol,  and  its  potassium  salt  is  easily  produced  by  heating 
allyl  alcohol  with  a  concentrated  solution  of  acid  potassium 
sulphite.     It  forms  white,  pearly  needles.^ 


Acrylic  Acid,  CgH^O^. 

739  This  acid  was  obtained  by  Eedtenbacher  by  heating  im- 
pure acrolein  with  silver  oxide,  purifying  the  silver  salt  thus 
obtained,  and  then  decomposing  this  with  sulphuretted  hydro- 
gen. According  to  Glaus  the  best  method  of  preparation  is 
to  place  the  freshly  precipitated  oxide  in  a  flaLk  provided 
with  inverted  condenser,  and  gradually  to  add  a  solution  of 
1  pfirt  of  acrolein  in  3  parts  of  water,  the  operation  beiug 
conducted  in  the  dark.  After  the  reaction  is  complete  the  whole 
is  warmed  to  the  boiling  point,  and  sodium  carbonate  added  to 
alkaline  reaction,  the  filtrate  evaporated,  and  the  residue  dis- 
tilled with  sulphuric  acid.  To  prepare  the  anhydrous  acid,  the 
pure  lead  salt  is  mixed  with  sand  and  decomposed  at  170°  iu  a 
current  of  sulphuretted  hydrogen.^ 

Acrylic  acid  is  also  easily  obtained  by  intimately  mixing 
^-iodopropionic  acid  with  the  equivalent  quantity  of  lead  oxide, 
covering  the  mixture  with  lead  oxide  and  distilling.^  It  is  like- 
wise produced  when  /3-iodopropionic  acid  is  treated  with  an 
alcoholic  solution  of  caustic  potash,^  as  well  as  by  the  action  of 
zinc  and  dilute  sulphuric  acid  on  /3-dibrompropionic  acid,^  and 
also  by  the  distillation  of  the  salts  of  hydracrylic  acid.^ 

It  is  a  liquid  possessing  a  pungent,  acid  smell,  boiling  at  140°, 
and  solidifying  at  low  temperatures  to  crystals  which  melt 
between  7°  and  8°.^  When  boiled  with  zinc  and  dilute  sulphuric 
acid,  or  treated  with  water  and  sodium  amalgam,  it  is  converted 
into  propionic  acid.^  Fused  with  caustic  potash  it  yields  acetic 
and  formic  acids :  ^ 

GHoZzCH.CO^K  -h  KOH  -h  H^O^CHO.OK  +  CHg.CO^K  +  Hg. 

1  M.  Miiller.  Ber.  Deutnch.  Chcm.  Ge3.  vi.  1441. 

2  Ann.  Ckem.  Pharin.  Snppl.  ii.  123. 
^  Wislicenus,  ib.  clxvi.  2. 

*  Erlenmeyer  and  Schneider,  Ber.  DcaUscK.  Chem.  Ges.  iii.  339. 

^  Caspary  and  ToUens,  Ann,  Chem.  Fharm.  clxvii.  241. 

^  Beilstein,  ib.  cxxii.  372, 

^  Linnemann,  Ann,  Chem.  Fharm.  clxxi.  294. 

^  Ib.  cxxv.  317.  ^  Erlenmeyer,  ih.  cxci.  376, 
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It  combines  with  bromine  to  form  /3-clibrompropionic  acid, 
with  hydriodic  acid  to  form  /5-iodopropionic  acid/  and  with 
hypochlorous  acid  to  form  chlorolactic  acid.^  When  hydro- 
chloric acid  is  led  into  its  alcohoKc  solution  the  ethyl  salt  of 
^-chlorpro picnic  acid  is  formed.^ 

Potassium  acrylate,  C3H3O2K,  forms  deliquescent  needles. 
SocUttrn  acrylate,  CgHgOgNa,  crystallizes  in  microscopic  needles, 
difficultly  soluble  in  absolute  alcohol  but  easily  soluble  in  strong 
spirit.^  Calcium  acrylate,  (C3H302)2Ca,  forms  thick  needles 
which  easily  lose  acid.  Zinc  acrylate,  (C3H302)2Zn,  crystallizes 
in  glistening  scales.  Lead  acrylate,  (G3H302)2Pb,  is  a  very 
characteristic  salt,  and  crystallizes  from  water  in  gUstening 
needles  soluble  in  alcohol.  Silver  acrylate,  C3H302Ag,  is  a 
curdy  precipitate,  and  crystallizes  from  hot  water  in  needles  or 
prisms. 

Ethereal  Salts  of  Acrylic  Acid.  Of  these  the  following  have 
been  prepared  by  Caspary  and  Tollens,^  by  acting  with  zinc 
and  sulphuric  acid  upon  the  corresponding  compounds  of 
j8-dibrompropionic  acid  : 

Methyl  acrylate,  80—85° 

Ethyl  acrylate,         101°— 102° 
Allyl  acrylate,  119—124° 


Substitution-Products  of  Acrylic  Acid. 

740  These  have  been  obtained  from  the  dichlor-  and  dibrom- 
propionic  acids  and  from  the  trisubstituted  lactic  acids 

M.P.  B.P 

^  a-Chloracrylic  acid, 

CH^^CCLCO^H  Liquid.  —       176°-lSr 

'^ /3-Chloracrylic  acid, 

CHC1=:CH.C02H  Plates.  84°-85°         — 

^  a-Dichloracrylic  acid,^ 

CsHgClgOg  Ehombic  prisms.     85°-86°         — 

^  WisHceniis,  it.  clxvi.  1. 

2  Melikow,  Bcr.  Deutsch.  Chcvi.  Gcs.  xU   2227. 

3  Linnemann,  Ann.  Chem.  Fharm.  clxiii  96. 
*  V.  Zotta,  Ann,  Chem.  Pharm.  cxcii.  ]05 

**  A7in.  Chem.  Fharm,  clxvii.  241. 

^  Beckurts  and  Otto,  Ber.  DeuUch.  Chem.  Ges.  x.  1948.  ^  ... 

^  Pinner,  Ann.  Chem.  Pharm.  clxxix.   85  ;  Wallach,   ih.  cxciu.   28  ;  ccui.   91 
Wericroand  Melikow,  Ber.  DeuUch.  CJiem.  Oes.  x.  1499. 
^  Beunet  and  Hill,  Ber.  Deutsch.  Chem.  Gcs.  xii.  656. 
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M.P.  B.P, 

^  ^-Dichloracrylic  acid, 

C3H2CI2O2  Monoclinic  prisms.     76°-77°         — 

"  a-Bromacrylic  acid, 

CH— CBr.CO.H     Eectangular  tables.     69°-71°         — 


'to 


^  iS-Bromacrylic  acid, 

CHBr  ziCH.COgH  Needles.  1 1 5°-l  1 6°         — 

*  Dibromacrylic  acid, 

C3H2Br202  Ehombic  prisms.       85-86°     243-250' 

^-Bromacrylic  acid  and  its  ethyl  salt  easily  undergo  conver- 
sion into  amorphous  bodies  possessing  the  formula  (CgH^Og)!,, 
and  termed  acryl  colloids.  They  are  insoluble  in  water,  but 
swell  up  with  this  liquid  to  form  a  gelatinous  mass. 

CROTYL  COMPOUNDS. 

741  Crotyl  Alcohol,  CH3CH— CH.CH.OH,  is  formed  together 
with  butyraldehyde  and  normal  butyl  alcohol  when  croton- 
aldehyde  (p.  403)  or  butyl  chloral  (p.  106)  is  treated  with 
iron  filings  and  acetic  acid.  It  is  also  obtained  together  with 
carbon  dioxide  and  formic  acid  by  heating  butenyl  alcohol 
(p.  377)  with  oxalic  acid.  It  is  a  pungent-smelling  hquid 
boiling  at  118°  to  120^,  and  is  converted  by  hydriodic  acid  into 
secondary  butyl  iodide. 

Crotyl  Iodide,  C^H^I,  is  obtained  by  acting  with  iodine  and 
phosphorus  upon  butenyl  alcohol.  It  boils  at  131° — 133°, 
smells  like  allyl  iodide,  and  like  this  body  forms  a  crystalline 
compound  with  mercury.^ 

IsocTotyl  Mustard  Oil,  (CH3)2C— CH.N.CS.  When  iso- 
butylene  dibromide  is  heated  with  ammonia,  isocrotylaminc, 
(CHOgC^CH.NHg,  a  body  boiling  at  75°— 78°  is  formed, 
together  with  isobutylene  diamine,  and  the  former  body  is 
converted  into  isocrotyl  thiocar-himide  by  treatment  with  carbon, 
disulphide  and  distillation  of  the  product  with  corrosive  sub- 
limate. This  body  is  a  liquid  smelling  like  mustard  oil,  boiling 
at  179°,  and  yielding  when  treated  with  ammonia  a  thio-urea 
resembling  thio-sinamine  (p.  394)  but  melting  at  85°.® 

'  "Wallach,  loc.  cit. 

"  "Wagner  and  Tollens,  Ann.  Cliem.  Pharm.  clxxi,  340  ;  "Wallach,  loc.  cit. 
3  Wallaoh,  lb. 

*  Jackson  and  Hill,  Bei\  Leutsch.  Ckevi.  Ges.  xi.  1673;  Hill,  ih.  xii.  660; 
Petri,  Av.n.  Chem.  Pharm.  excv.  70. 

s  Lieb.'n  ,Mid  Zeiyol,  Monatsh.  Chem.  i.  318,  840. 

^  Hofniaiin,  JJct--.  JJcutsch.  Chem.  Ocs.  vii.  516  ;  xii.  902. 


THE  CROTONIC  ACIDS.  403 


The  Crotonic  Acids,  C^HgOg. 

742  In  1S58  Schlieppe  gave  the  na,me  of  crotonic  acid  to  an 
oily  liquid  which  he  obtained  from  croton  oil  {Groton  tiglium)? 
Other  chemists,  however,  were  not  able  to  obtain  this  again.^  It 
probably  does  not  always  occur  in  the  oil,  and  perhaps  is  identical 
with  the  yS-crotonic  acid,  mentioned  below.  The  name  crotonic 
acid  was,  however,  retained  to  designate  the  solid  acid  which 
was  obtained  from  the  nitril  and  aldehyde,  now  to  be  described. 

a-Crotonaldehyde,  C^HgO.  By  heating  acetaldehyde  with 
certain  saline  solutions,  Lieben  obtained  a  liquid  possessing  the 
above  composition,  to  which  he  gave  the  name  of  aldeliycle- ether ;  ^ 
■whilst  Bauer  found  that  a  very  pungent  smelling  liquid  is  obtained 
by  the  action  of  zinc  chloride  on  aldehyde,  and  he  considered 
this  to  be  a  polymeric  modification,  and  termed  it  acraldchyde^ 
Kekule  then  showed  that  these  two  bodies  ai;e  identical,  and 
that  they  are  crotonaldehyde,^  giving  the  following  equation  for 
its  formation ; 

CHO.CH3  CKCH3 

II  -f     HoO. 

CH,.CHO  CH.CHO 


It  is  probable  that  aldol  (p.  168)  is  first  formed,  and  that  this 
then  decomposes  into  water  and  crotonaldehyde.  The  latter 
compound  is  also  formed  when  acetylene,  CgHg,  is  dissolved  in 
concentrated  sulphuric  acid,  and  the  liquid  distilled  with  water.^ 
Berthelot  considered  the  body  thus  obtained  to  be  vinyl  alcohol, 
CgHg.OH.  Instead  of  acetylene,  bromethylene  may  also  be  em- 
ployed.^ Crotonaldehyde  also  occurs  in  the  products  of  distillation 
of  crude  spirit,^  In  order  to  prepare  it,  pure  aldehyde  is  heated  with 
a  small  quantity  of  zinc  chloride  and  a  few  drops  of  water  for  one 
or  two  days  to  100°.  The  unaltered  acetaldehyde  is  distilled  off 
and  the  crotonaldehyde  obtained  from  the  residue  by  distillation 
with  water  (Kekule).    It  is  also  easily  obtained  when  ten  volumes 

^  Ann.  Chem.  Pharm.  cv.  24. 

2  Geuther,  Zeitsch.  Chem.  1870,  26  ;  Geuther  and  Frohlich,  ih.  549. 

^  Ann.  Chem.  Pharm.  Suppl.  i.  117. 

*  lb.  cxvii.  142.  ^  7&.  clxii.  92,  309. 

*  Lagermark  and  Eltekow,  Ber.  Deutsch.  Chem.  Gcs.  x.  637  ;  xii.  693, 
^  Znise],  Liebcff's  Ann.  cxci.  369. 

**  Kramer  and  Pinner,  Bcr.  Deutsch.  Chem.  Ges.  iii.  75. 
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of  acetaldehyde  are  heated  for  twenty-four  hours  to  100°  "with 
one  volume  of  concentrated  solution  of  sodium  acetate  and  the 
product  fractionated.^  It  may  also  be  readily  prepared  by  dis- 
tilling aldol  under  the  ordinary  atmospheric  pressure.^ 

Crotonaldehyde  is  a  mobile  liquid  possessing  at  first  a  fruit- 
like, but  afterwards  a  very  pungent  smell.  It  boils  at  104° — 
105°,  and  at  0°  has  a  specific  gravity  of  1-033.  It  combines 
with  hydrochloric  acid  to  form  /5-chlorbutyraldehyde.  On  ex- 
posure to  air  or  in  contact  with  silver  oxide  it  yields  a-crotonic 
acid. 

Crotonitril,  C^H^N,  is  formed  by  the  action  of  water  on 
mustard-oil,  and  it  is  often  contained  in  this  substance  in  large 
quantity.  It  is  also  easily  formed  by  heating  ally!  iodide 
with  potassium  cyanide.^  If,  however,  allyl  chloride  be  brought 
in  contact  with  potassium  cyanide  and  alcohol,  the  nitril  of 
,5-ethosybutyric  acid  is  formed,  a  liquid  boiling  afc  173°— 174°.* 

Crotonitril  is  an  unpleasantly  alliaceous-smelling  liquid, 
boiling  at  110°,  and  at  0°  having  a  specific  gravity  of  0"8491. 
It  is  converted  by  hydrochloric  acid  into  /5-chlorbutyric  acid 
(Pinner). 

743  a-Crotonic  ^ac?,  CHg.CH^zCH.COgH.  This  compound^ 
which  is  also  termed  solid  crotonic  acid,  was  obtained  by  Will 
and  Korner  by  heating  its  nitril  with  alcoholic  potash.^  It 
hkewise  is  formed  by  distilling  /3-oxybutyric  acid,^  or  by  heating 
alcoholic  potash  with  yS-chlorbutyric  ^  or  with  the  ethyl  salt  of 
a-brombutyric  acid.®  It  is  also  a  constituent  of  crude  pyrolig- 
neous  acid.^  It  dissolves  in  12  j)arts  of  cold  water,  more  easily 
in  boiling  water,  and  crystallizes  from  this  on  cooling  in  fine 
woolly  needles,  whilst  on  slow  evaporation,  its  solution  deposits 
large  monoclinic  prisms,  melting  at  72°,  and  easily  subliming  in 
tablets.  Its  smell  resembles  that  of  butyric  acid,  and  it  boils 
at  189°.  When  treated  with  sodium  amalgam  and  water  it 
remains  unaltered,  but,  on  the  other  hand,  it  combines  with 
hydrobromic  and  hydriodic  acids  to    form  substituted  butyric 


1  Lieben  and  Zeisel,  Moiiatsh.  Chcm,  i.  820. 

^  Newburg,  Comptes  Itendus,  xcii.  196. 

^  Glaus,  Ann.  Chan.  Pharin.  cxxxi.  58  ;  Einne  and  Tollens,  ih.  clix  105. 

*  Rinne,  Ber,  Deutsch.  Chem.  Ges.  vi.  389  ;  Pinner,  ib.  xii.  2053. 
^  Ann.  Chem.  Pharm,  cxxv.  272  ;  Glaus,  ih.  cxxxi.  58. 

6  Wislicenus,  Zeitsch.  Cliem.  1869,  325. 

^  Balbiano,  Ber.  Deutsch.  Chem.  Ges.  xi.  348. 

^  Hell  and  Lauber,  ih.  vii   560. 

*  Kramer,  Bcr.  Deutsch.  Chan.  Ges.  xi.  1356. 
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acids,  -which  are  converted  in  presence  of  nascent  hydrogen  into 
normal  butyric  acid.^  On  oxidation  with  chromic  acid,  it  yields 
acetaldehyde  and  acetic  acid.  This  decomposition,  as  well  as  its 
formation  from  aMehyde,  leave  no  doubt  concerning  its  con- 
stitution. On  the  other  hand,  we  should  expect,  from  its 
synthesis  from  allyl  iodide,  that  its  formula  would  be  CHg— 
CH.CHg.COgH.  Only  one  acid  of  this  constitution  is  known, 
namely  ^-crotonic  acid,  which  will  be  described  further  on. 
This  is  easily  converted  on  heating  into  the  a-compound,  and 
the  same  is  probably  also  the  case  with  the  nitril,  which  is 
doubtless  first  formed  from  mustard-oil  or  allyl  iodide,  and  in 
favour  of  this  view  is  the  fact  that  crotonitril  yields  acetic  acid 
on  oxidation,  whilst  this  acid  is  not  obtained  in  the  same  way 
from  the  allyl  compounds.^  Its  constitution,  therefore,  must  be 
CHg.CH^CH.CN.  On  the  other  hand,  Pinner  gives  to  it  the 
following  constitution,  CHg^^CH.CHg.GN,  and  assumes  that  by 
the  action  of  hydrochloric  acid  or  caustic  potash,  /3-crotonic 
acid  is  first  formed,  and  that  this,  by  the  action  of  hydro- 
chloric acid  or  water,  combines  to  form  /S-chlorpropionie  acid, 
CH3.CHCLCH2.CO2H,  or  ^-oxybutyric  acid,  CH3.CH(OH).CH2. 
COgH,  which  then  decompose  further  with  formation  of 
a-chlorcro tonic  acid. 

a-Chlorcrotonic  Acid,  CHg.CH^CCl.COgH,  is  formed  when 
trichlorbutyric  acid  is  treated  with  zinc  and  hydrochloric  acid,^ 
or  with  zinc-dust  and  water,-^  or  when  butyl  chloral  (p.  166)  is 
boiled  with  a  solution  of  yellow  prussiate  of  potash.^  It  crystal- 
lizes in  long  needles,  melting  at  12°*5,  and  dissolves  in  49*8 
parts  of  water  ;  the  solution  producing  blisters  when  brought  on 
to  the  skin.  The  acid  melts  at  97°*5,^  boils  at  212°,  and  com- 
bines with  nascent  hydrogen  to  form  ct-crotonic  acid. 

744  ^-Crotonic  Acid,  CHg^CH.CHg.COgH.  This  compound, 
which  was  first  described  by  Geuther,  is  sometimes  termed 
liquid  crotonic  acid  or  isocrotonic  acid ;  it  was  obtained  by  him 
from  acetacetic  ether."^  If  this  be  treated  with  an  excess  of 
phosphorus  pentachloride,  the  chlorides  of  two  crotonic  acids 
are  formed.     If  these  be  decomposed  by  water  and  distilled,  the 

'  Hemilian,   Ann.    Chem.  Phann.  clxxiv.   324  ;  Alberti,  Bcr.  Deutsche  Chem. 
Ges.  ix.  1195. 
^  Kekul^  and  Rinne,  Ber.  Beutsch.  Chem.  Ges.  vi.  386. 
■  Kramer  and  Pinner,  Ann.  Chem.  Fhann.  clviii.  37. 

*  Samow,  Ann.  Chem.  Pharni.  clxiv.  93. 

*  "Wallach,  Ber.  Deutsch.  CJiem.  Ges.  x.  1530. 

*  Kahlbanm,  ib.  xii.  2338. 

'  Frohlich  and  Geuther,  ZcitscK  Chem.  1869,  270;  Geuther,  ih.  1871,  242. 
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first  distillate  contains  chlorisocrotonic  acid,  CHg^^CCLCHo.CO  H, 
and  the  second,  jB-chlorcrotonic  acid,  or  chlorteir  aery  lie  acid 
CH3.CCI— CH.COgH,  crystallizing  in  monoclinic  prisms  or 
needles,  melting  at  94° — 94°-5,  and  at  12°*5  dissolving  in  44-4 
parts  of  water  (Kahlbaum).  It  boi's  at  20G° — 211°,  and  is 
converted  by  sodium  amalgam  and  water  into  o-crotonic  acid. 
The  chlorisocrotonic  acid  melts  at  aO'^'S  and  crystallizes 
from  water  in  four-sided  prisms  having  oblique  terminal  faces. 
It  boils  at  194°'8,  but  volatilizes  easily  at  the  ordinary  tem- 
perature, and  it  dissolves  at  T  in  79  parts  of  water.  It  is 
converted  by  sodium  amalgam  and  water  into  isocrotonic 
acid,  a  liquid  having  a  pungent  smell  resembling  butyric  acid. 
This  is  miscible  in  every  proportion  with  water,  does  not 
solidify  at  —15°,  and  boils  at  171'''9,  a  large  portion  of  it 
passing  into  solid  crotonic  acid.  This  change  takes  place  more 
completely  when  it  is  heated  to  180°  in  a  closed  tube.^  This 
same  substance  is  also  formed  when  isocrotonic  acid  combines 
with  hydrobromic  acid,  and  the  brombutyric  acid  thus  formed 
is  decomposed  by  alkalis.  The  latter  acid,  but  not  isocrotonic 
acid,  combines  with  nascent  hydrogen  to  form  butyric  acid. 
Isocrotonic  acid  occurs  also  in  crude  pyroligneous  acid  (Kramer 
and  Grodski). 

745  Methacnjlic  acid,  ^g^^C.COgH.     The  ethyl  salt  of  this 

acid  was  obtained  by  Frankland  and-Duppa  by  heating  ethyl 
oxyisobutyrate  with  phosphorus  trichloride.  It  is  a  mobile  liquid 
which  has  an  unpleasant  smell  of  mouldy  fungus.  It  is  easily 
decomposed  by  alcoholic  potash,  and  from  the  potassium  salt 
thus  obtained  methacrylic  acid  is  readily  got  by  distillation  with 
sulphuric  acid.^  This  same  compound  is  also  formed,  together 
with  large  quantities  of  oxyisobutyric  acid,  when  bromisobutyric 
acid  is  heated  with  20  parts  of  water.^  It  is  best,  however, 
prepared  by  boiling  citrabrompyro tartaric  acid,  C3H5Br(C02H)2, 
a  body  to  be  described  under  citric  acid,  with  carbonate  of  soda 
solution.*  It  is  found  also  in  small  quantity  as  an  ethereal  salt 
in  Roman  cumin  oil.^  It  is  tolerably  soluble  in  water  and 
crystallizes  in  long  prisms  which  melt  at  16°  and  boil  at  160°'5. 
It  combines  with  nascent  hydrogen  to  form  isobutyric  acid,  and 

^  Hemilian,  Ann.  Chcm.  Pliarm.  clxxiv.  322. 

^  Journ.  Chem,  Soc.  xviii.  139. 

^  Thomsen,  Ann.  Clicm.  Pharm.  cc.  86. 

*  Fittig  ami  Landolt,  ih.  clxxxviii.  81.  ^  Kopp,  ih.  cxcv.  82. 
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on  fusion  with  caustic  potash  decomposes  into  formic  and  pro- 
pionic acids.  When  heated  to  130°  it  is  converted  into  a  poly- 
meric modification,  which  is  also  formed  when  the  acid  is  allowed 
to  remain  in  contact  with  hydrochloric  acid,  and  gradually  when 
it  is  kept  in  a  closed  vessel.  TJiis  is  a  porcelain-like  mass, 
which  is  insoluble  in  all  indifferent  solvents.  It  gelatinizes  in 
water,  forming  a  transparent  thick  liquid  from  which  a  white 
stringy  mass  separates  out  on  heating.  It  dissolves  slowly  in 
ammonia,  and  from  this  solution  calcium  chloride  or  barium 
chloride  precipitates  an  elastic  gummy  mass,  which  on  heating 
with  water  becomes  hard,  but  on  cooling  again  assumes  an 
elastic  condition.  It  is  scarcely  attacked  by  fuming  nitric  acid, 
concentrated  sulphuric  acid,  or  by  caustic  potash,  and  is  decom- 
posed above  300°  without  forming  methacrylic  acid.^ 


ACIDS  HAVING  THE  COMPOSITION,  C^B.fi^. 

Angelic  Acid,  CgBgO.,, 

746  Tliis  acid  was  discovered  by  Buchner  in  the  roots  of  An- 
gelica archangelica,^  and  investigated  more  completely  by  Meyer 
and  Zeuner,  who  found  that  the  roots  also  contain  valeric  acid.^ 
Angelic  acid  is  also  found  in  large  quantities  in  the  sumbul-  or 
moschus-  root*  (Eurangium  sumbul),  a  plant  growing  largely  in 
Turkistan  and  on  the  Amur,  and  the  roots  of  which  have  been 
long  used  as  an  excitant.  Gerhardt  found  that  angelic  acid  can  be 
easily  obtained  w^hen  the  Roman  oil  of  cumin  [Anthemis  nohilis) 
is  treated  with  alcoholic  potash,  and  he  believed  that  the  oil 
contained  the  aldehyde  of  angelic  acid,  which,  however,  he  did 
not  succeed  in  isolating.^  Demar(^ay,  in  another  investigation 
of  this  oil,  came  to  quite  other  conclusions.  According  to  him, 
it  is  essentially  a  mixture  of  valeric  acid  and  the  angelic  salts  of 
butyl  and  amyl.®  That  it  does  contain  ethereal  salts  has  been 
sliown  also  by  Kobig ;  no  valerate  is,  however,  contained  in  it, 

^  Engelhom,  LicUcfi^  Ann.  cn.'70.  -  Ann.  Chcm.  Fharm   xlii.  226. 

^  Ann.  Chem.  Pharm.  Iv.  317. 

^  Reinsch,  Jahrb.  pr.  Pharm.  vii.  79  ;  Keinsch  and  Hopf,  io.  xi.  217  ;  Eeinsch 
andRicker,  ib.  xvi.  12. 
^  Ann.  Chem  Pharm.  ]xvi.  235.  ®  Compt.  Bend.  Ixxvii.  360. 
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but  an  ethereal  salt  of  an  acid,  tiglic  acid,  isomeric  with  angelic 
acid  1     By  fractional  distillation  he  obtained  the  following  : 

B.P. 
Isobutyl  isobutyrate,    C.H^O.CC.H,)     147^—148° 
Isobutyl  angelate,         C^H^O^lC^H^)     177— 177°-5 
Amyl  angelate,  ■G,'K^O,^{C,'E^,)    200—201° 

Amyl  tiglate,  05H7O2(C,Hii)    204°— 205 


KO 


Of  these  the  isobutyrate  is  contained  only  in  small  quantity. 
In  addition  to  these  the  oil  contains  tiglates  and  angelates  of  an 
hexyl  alcohol,  which  cannot  be  distilled  without  decomposition, 
and  of  anthemol,  CjqHj5(0H). 

In  order  to  prepare  angelic  acid,  100  grams  of  Roman  oil  of 
cumin  is  distilled  in  a  water-bath  with  a  reversed  condenser 
with  200  grams  of  ordinary  alcohol  and  56  grams  of  caustic 
potash  for  eight  to  ten  hours.  The  liquid  is  then  distilled  off, 
water  added  to  the  residue,  and  the  whole  again  distilled,  in 
order  to  remove  hydrocarbons,  the  liquid  acidified  with  sulphuric 
acid,  and  the  distillation  again  continued  until  no  further  acid 
comes  over.  The  oil  which  swims  upon  the  top  is  removed,  and 
the  acid  distillates  which  follow  neutralized  with  carbonate  of 
soda,  the  solution  evaporated,  and  the  residue  decomposed  with 
sulphuric  acid,  when  again  an  oil  separates  out  which  is  united 
with  the  first  portion.  By  fractional  distillation  the  acid  may 
be  partly  separated,^  but  a  quicker  method  is  to  collect  the 
fractions  boiUng  between  181°  and  195°  and  convert  these  into 
the  calcium  salt.  The  cold  saturated  solution  on  warming  to 
60° — 70°  deposits  calcium  angelate,  which  may  be  purified  by  a 
repetition  of  this  process.^ 

Angelic  acid  is  difficultly  soluble  in  cold,  but  readily  soluble 
in  hot  water,  and  crystallizes  in  long  nionoclinic  prisms,  which 
have  an  aromatic  smell  and  melt  at  44° — 44°-5.  It  boils  at 
185°,  and  when  boiled  for  some  time,  as  well  as  when  heated 
with  sulphuric  acid  to  100°,  is  converted  into  tiglic  acid.  On 
fusion  with  caustic  potash  it  decomposes  into  acetic  and  pro- 
pionic acids,  and  it  combines  with  bromine  and  hydrobromic 
acid  to  form  brominated  valeric  acids.  Sodium  amalgam  and 
water  do  not  alter  it,  but  when  heated  with  hydriodic  acid  and 
.red  phosphorus  to  180° — 200°  it  is  converted  into  a  valeric  acid,* 

^  Liebig^s  Ann.  cxcv.  92.  ^  Kopp,  Liehig's  Ann.  cxcv.  81. 

*  Pagenstecher,  Liehig's  Ann.  cxcv.  108. 

*  Ascher,  Ber.  Dcutsch.  Chem.  Ges.  ii.  685. 
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which  according  to  Schmidt  is  methyl-ethyl-acetic  acid.  If  the 
dibrom- valeric  acid  be  heated  with  sodium  amalgam  and  water 
the  bromine  is  removed,  but  instead  of  angelic  acid  its  isomeride 
tighc  acid  is  formed.  The  change  from  angelic  to  tiglic  acid 
also  takes  place  slowly,  simply  on  keeping  the  first-named  acid.^ 
Calcium  Angelate,  (C5H702)2Ca  +  2H20,  dissolves,  as  has  been 
stated,  more  readily  in  cold  than  in  hot  water,  and  the  solution 
saturated  at  iTb  contains  23  parts  of  the  anhydrous  salt;  but 
when  heated  to  35°^40°,  splendid  ghstening  long  needle-shaped 
crystals  separate  out,  the  quantity  increasing  with  the  rise  of 
temperature,  so  that  at  60° — 70°  a  thick  crystalline  semi-solid 
mass  is  formed,  and  if  the  experiment  be  carried  out  in  a  closed 
tube  the  whole  dissolves  again  completely  on  cooling  (Kopp). 


747  Tiglic  Acid,  C5H3O2, 

was  first  prepared  by  Frankland  and  Duppa  by  the  action  of 
phosphorus  trichloride  upon  ethyl  metho-ethoxalate.^  It  was 
termed  by  them  meihyl-crotonic  acid.  Geuther  and  Frohlich  ^ 
obtained  an  acid  of  this  composition  from  croton  oil  {Groton 
tiglium),  which  contained,  together  with  the  glyceride  of  this 
acid,  those  of  other  volatile  and  non-volatile  acids.  This  acid 
they  considered  to  be  identical  with  methyl-crotonic  acid,  and 
the  correctness  of  this  supposition  was  proved  by  Schmidt  and 
Berendes.*  It  is  also  obtained  by  the  distillation  of  a-methyl- 
/3-oxybutyric  acid,  CH3.CH(OH).CH(CH3).C02H  ^  or  when 
this  acid  is  heated  with  concentrated  hydriodic  acid.®  It  is, 
however,  best  prepared,  together  with  angelic  acid,  from  Koman 
cumin-oil.  Tiglic  acid  dissolves  with -some  difficulty  in  cold,  but 
readily  in  hot  water,  and  crystallizes  in  triclinic  tables  or  prisms, 
which  melt  at  64}°'5,  whilst  a  mixture  of  this  acid  with  somewhat 
more  than  a  molecular  proportion  of  angelic  acid  is  liquid  at 
the  ordinary  temperature.  It  possesses  an  aromatic  smell  re- 
sembling that  of  benzoic  acid,  and  boils  at  198°'5,  yielding  a 
vapour  which  causes  violent  coughing.  When  heated  with 
iodine  and  phosphorus  to  160°  it  is  transformed  into  methyl- 
ethyl-acetic  acid,  whilst  treated  with  bromine  and  hydrobromic 

^  Schmidt,  Ann.  Chem.  Pharm.  ccviii.  249 

^  Ann.  Chem.  Pharm.  cxxxvi.  9.  ^  Zeitsch.  Chcm.  1870,  459. 

*  Ann.  Chem.  Phartn,  cxci.  94. 

^  Rolirbeck,  ih.  clxxxviii.  235,  ^  Riicker,  ih.  cci.  61. 
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acid  it  yields  the  same  products  as  does  angelic  acid,  and  like 
this  latter  acid  it  yields  acetic  and  propionic  acids  on  fusing 
with  caustic  potash. 

Calcium  Tiglatc,  {G^^O^fid^  +  SHgO,  is  more  difficultly 
soluble  in  cold  water  than  calcium  angelate,  100  parts  of  the 
solution  saturated  at  17°  containing  6  05  parts  of  the  anhydrous 
salt.  It  is  much  more  soluble  in  hot  water,  and  crystallizes  on 
cooling  in  white  plates  (Kopp). 

The  several  reactions  by  which  tiglic  acid  is  formed  leave  no 
doubt  as  to  its  constitution,  but  that  of  angelic  acid  has  not  yet 
been  definitely  fixed.  That  angelic  acid  yields  the  same  reac- 
tions as  tiglic  acid  does  wdth  bromine,  hydrobromic  acid,  hydriodic 
acid,  &c.,  is  explained  by  the  fact  that  it  is  readily  converted 
into  this  latter  acid.  It,  therefore,  seems  probable  that  the  two 
acids  stand  to  one  another  in  the  same  relation  as  the  two 
crotonic  acids  do.  The  following  formulae  would  then  represent 
their  constitution : 

AngeUc  Acid.  Tiglic  Acid. 

CH,=:C(CH3)CH2.C02H.  CH3CH=C(CH3)C02H. 

748  Tiglicaldehyde,  CgHgO.  Deville,  in  1843,  found  amongst 
the  products  of  the  dry  distillation  of  guiacum  resin,  a  liquid 
of  the  above  composition  to  which  he  gave  the  name  oi  guajacen, 
adding  that  when  exposed  to  the  air  this  liquid  absorbed  oxygen, 
being  converted  into  a  body  crystallizing  in  fine  plates.^  This 
body,  which  was  afterwards  known  as  giiajol,  was  considered  by 
Gerhardt^  to  be  angelicaldehyde,  but  Hlasiwetz  and  v.  Gilm^ 
disproved  this  supposition,  since  on  fusing  with  caustic  potash 
it  yielded  no  angelic  acid.  That  guajol  is  the  aldehyde  of 
tiglic  acid  was  then  recognized  by  Herzing,  who  showed  that 
the  crystals  produced  by  the  absorption  of  oxygen  when  the 
liquid  is  exposed  to  the  atmosphere,  are  those  of  tiglic  acid.^ 

Tiglicaldehyde  has  also  been  prepared  by  Lieben  and  Zeisel 
by  the  condensatioa  of  a  mixture  of  acetaldehyde  and  propion- 
hyde.^  It  is  a  liquid  boiling  at  about  118°,  having  a  sweet,  burning 
taste  and  a  narcotic  smell  resembling  that  of  bitter  almonds. 

Allyl-acetic  Acid,  CH2=CH.CH2.CH2.C02H.  The  ethyl 
salt  of  this  acid  is  obtained  when  allyl  acetacetate  is  heated 
with  dry  sodium  ethylate  to  150° — 160°.^     The  acid  prepared 

1  Covipt.  Rend.  xvii.  1143  ;  xix.  134.  2  ^-j^  ^xvi.  226. 

3  Ann.  Chem.  Pharm.  vi.  379.    '  ^  Monatsch,  Chem.  iii.  118. 

s  Ber.  Dmtsch.  Chem.  Gcs.  xiv.  932. 

^  Zeidler,  Ann.  Chcjn.  Pharm.  clxxxvii  39. 
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from  this  is  an  oily  liquid  boiJing  at  187° — 189°.^  possessino- 
an  odour  resembling  that  of  valeric  acid.  It  is  also  formed  by 
heating  allyl-malonic  acid.^  Dilute  nitric  acid  oxidizes  it  to 
succinic  acid.  Its  calcium  salt,  {G^'H.^O^)fi£i. -j- 2\i^0,  forms 
pearly  glistening  plates  which  dissolve  readily  in  water. 

Dimethyl-acrylic  Acid,  (CH3)2C=^CH.C02H,  was  first  obtained 
by  Semljanizin  and  Saytzew  by  the  action  of  phosphorus  tri- 
chloride on  ^-oxyvaleric  acid,  and  supposed  to  be  angelic  acid.^ 
Miller  then  obtained  it  by  distilling  the  oxyacid  with  dilute 
sulphuric  acid.^  It  is  readily  soluble  in  water  and  forms 
monoclinic  prisms  which  melt  at  69°"5 — 70°. 


ALCOHOLS  HAVING  THE   FORMULA  C.Hj.O. 

Only  secondary  and  tertiary  alcohols  of  this  gi  cup  are  known. 

749  Methyl-isocrotyl  Carbinol  or  Butallyl-mdhyl  Carlinul, 
CH2=CH.CH2.CH2.CH(OH).CH3.  By  the  action  of  allyl  iodidJ 
on  ethysodacetacetate,  ethyl- allyl-acetacetate,  CH3.CO.CH(C3H5) 
COg.CgHg,  is  obtained,  a  liquid  boiling  at  206°  and  yielding  a 
beautiful  crimson-red  colour  with  ferric  chloride.  Alcoholic 
potash  decomposes  this  with  formation  of  allyl-acetic  acid  (p.  410), 
and  allyl-acetone  or  methyl-isocrotyl  ketone,  CHg— CH.CH^.CHo. 
CO.CH3,  which  boils  at  128° — 130°,  and  has  a  characteristic 
unpleasant  smell.^  When  this  is  mixed  with  water  and  ether, 
and  sodium  gradually  added,  the  secondary  alcohol  is  formed ; 
this  boils  at  138°— 139°,  has  at  16°  a  specific  gravity  of  0-842, 
and  possesses  a  characteristic  sweet  smell  somewhat  resembling 
that  of  allyl  alcohol  On  heating  with  acetic  anhydride  the 
acetate  is  formed,  boiling  at  147° — 149°.®  The  compound 
described  as  diallyl  hydrate,  whose  formation  is  referred  to 
under  diallyl,  is  doubtless  identical  with  the  secondary  alcohol. 

Dimethyl-allyl  Carhinol,  03115.0(0113)2011.  To  prepare  this 
compound,  a  mixture  of  equal  molecules  of  acetone  and  allyl 

'  Messerschmidt,  ih,  ccviii.  92. 

^  Conrad  and  BischofF,  Ann.  Ohcm.  Pharm.  cciv.  170. 

3  Lieh.  Ann.  cxcvii.  73.  *  lb.  cc.  261. 

*  Zeidler,  Lieh.  Ann.  clxxxvii.  30. 

^  J.  K.  Crow,  Lieh.  Ann.  cci.  42. 
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iodide  is  brought  very  slowly  into  contact  with  zinc  cooled  with 
ice,  and  the  product  distilled  with  water : 

(1)  CO    +    C3H,I    +    Zn    =    C<gA^ 

OH3  CH3 

CH3  CHg 

^<oSi     +    2H,0    =    C<gA    +    Zu(OH)I. 

CH3  CJH3 

Dimethyl-allyl  carbinol  is  a  liquid  possessing  a  faint,  pleasant, 
camphor-like  smell.  It  boils  at  119°*5,  has  at  0°  a  specific 
gravity  of  0*8438,  and  combines  with  water  to  form  the  hydrate, 
CgHj^O  +  HgO,  boiling  at  116'^— 117°.i  On  oxidation  with 
chromic  acid  solution  it  first  forms  /8-oxyvaleric  acid,  formic 
acid,  and  acetone,  whilst  potassium  permanganate  yields  a  larger 
proportion  of  /3-oxyvaleric  acid,  together  with  formic  and  oxalic 
acids.^ 

When  the  alcohol  is  heated  with  acetic  anhydride  to  150°  the 
acetate  is  formed.  This  is  a  liquid  possessing  a  fruit-like  smell, 
boiling  at  137°*5,  and  having  at  0°  a  specific  gravity  of  0*9007. 

DimethyUsoallyl  Carhinol,  CH3.CH— CH.C(GH3)20H,  is  ob- 
tained by  the  action  of  a-crotonyl  chloride  on  zinc-methyl,  and 
is  a  thick  oily  liquid  which  boils  between  110°  and  115°^ 


ACIDS  HAVING  THE  COMPOSITION,  GqE^A^. 

750  Pyroterehic  Acid,  ox  Isopropyl-acrylic  Acid,  (CH3)2C— CH. 
CHg.COgH.  Terebic  acid,  CyH^^O^,  which  is  formed  by  the  oxi- 
dation of  oil  of  turpentine  with  nitric  acid,  is  converted  on  heat- 
ing, as  was  found  by  Babourdin,  into  carbon  dioxide  and  a  new 
compound  which  he  termed  acide pyroterehiliquc}  This  last  acid 
was  further  examined  by  several  chemists,^  who,  finding  that 

'  M.  and  A.  Saytzew,  Ann.  Chem.  Pharm.  clxxxv.  151,  175. 

2  Schirokow,  Journ.  Prakt.  Chem.  [2],  xxiii.  205. 

3  Pawlowsky,  Ber.  Dcutfich.  Chem.  Ges.  v.  331. 
*  N.  Journ.  Pharm.  vi.  196. 

^  Chautard,  Ann.  Chem.  xxvui.  192  ;  Carleton-Williams,  Chem.  Soc.  Jmm, 
yxvii.  70 ;  Mielek,  Licb.  Ann.  clx^xx.  51  ;  Bredt  and  Fittig,  cc.  58. 
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the  substance  has  a  constant  boiling-point,  considered  it  to  be  a 
definite  chemical  compound.  Eredt  and  Fittig,  however,  after- 
wards proved  that  it  is  a  mixture  of  the  lactone  of  oxyisocaproic 
acid  with  an  acid,  for  which  they  retained  the  name  of  pyroterebic 
acid.^  This  latter  is  an  oily  liquid,  possessing  a  characteristic, 
somewhat  acrid,  smell,  solidifying  at  -15°,  and  being  transformed, 
partly  on  distillation  and  completely  on  continued  heating,  into 
the  isomeric  lactone.^  This  remarkable  change  is  explained  by 
the  following  equation : 

CIV  I  CH3/     I     "  I 

HO.CO  0-CO 

The  characteristic  calcium  salt,  (CgH902)2Ca  4-  SHgO,  crystal- 
lizes from  hot  water  in  glistening  prisms. 

Pyroterebic  acid  combines  with  bromine  to  form  dihrom- 
isocaproic  acid,  CqR^qBt^O^,  forming  large  crystals  melting  at 
99° — 1.00°.  According  to  Williams,  acetic  and  isobutyric  acids 
are  formed  on  fusing  crude  pyroterebic  acid  with  caustic  potash. 

751  Mhyl-crotonic  Acid,  CH3.CH— C(C2H5)C02H.  The  ethyl 
salt  of  this  acid  is  produced  when  diethyloxalic  ether  is  heated 
with  phosphorus  trichloride.  It  is  a  liquid  boiling  at  165°,  having 
at  13°  a  specifiic  gravity  of  0'9203,  and  smelling  like  pepper- 
mint.3  This  ethereal  salt  is  also  formed  when  diethyloxalic  ether 
is  treated  with  phosphorus  pentachloride,  and  the  chlordiethyl 
acetic  ether,  (C2H5)2CCLC02C2H5,  thus  produced,  subjected  to 
distillation.^  By  conversion  into  the  potassium  salt  and  dis- 
tilling this  with  dilute  sulphuric  acid,  the  acid  is  obtained,  which 
crystallizes  from  ether  in  oblique  prisms,  melts  at  41°,  and  boils 
at  209°;  it  volatilizes,  how^ever,  at  the  ordinary  temperature 
and  has  an  odour  resembling  that  of  benzoic  acid.  It  is  also 
produced  by  the  distillation  of  ethyl-/3-oxybutyric  acid/  whilst 
it  is  a  remarkable  fact  that  the  isomeric  diethyloxalic  acid  when 
heated  by  itself  does  not  yield  ethyl-crotonic  acid  but  an  isomeric 
compound,  a  liquid  boiling  at  198°,  and  not  solidifying  at—  18°. 
Fuming  hydrobromic  acid  converts  this  at  once  into  ethyl 
crotonic  acid,  and  the  same  change  is  produced  on  heating  with 

^  Lieb.  Ann.  cc.  259.  ^  7j_  Fittig  and  Geisler,  ib,  ccviii.  37. 

^  Frankland  and  Duppa,  Cke7n,  Soc.  Journ.  xviii.  133;  Fittig  and  Howe,  lieb, 
Ann.  cc.  21. 

*  Marko\vnikoff  and  Drobjaskin,  JJ  r.  Deutsch.  CTfrn.  Ges.  vi.  1175. 

*  Waldschmidt,  Ann.  Ckem.  Pliarni.,  clxxxviii.  245. 
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dilute  sulphuric  acid  or  caustic  potash,^  whilst  both  acids  when 
fused  with  the  latter  substance  yield  acetic  and  butyric  acids. 
It  seems  probable,  therefore,  that  the  isomerism  of  these  two 
acids  is  similar  to  that  of  crotonic  and  isocrotunic  acids. 

Ethyl-crotonic  acid  is  not  affected  by  sodium-amalgam  and 
water.  It  combines  slowly  with  concentrated  hydrobromic  acid, 
forming  hromliydro-ethyl-crotonic  acid,  CgH^^BrOg,  a  crystalline 
mass  melting  at  25°  and  yielding  with  sodium-arnalgam  and 
water  a  fatty  acid  of  the  composition  G^H^gOo.  From  its  mode 
of  formation  this  should  be  diethylacetic  acid,  but,  as  in  some 
points  it  differs  from  this  acid,  Fittig  and  Howe  have  given  to 
it  the  provisional  name  of  hydro-etliyl-crotonic  acid. 

The  brominated  acid  easily  splits  up  in  alkaline  solution  into 
carbon  dioxide  and  a-methyl-ethyl-ethylene,  a  metalHc  bromide 
being;  at  the  same  time  formed. 

Ethyl-crotonic  acid  combines  with  bromine  to  form  dihrom- 
liydro-cthyl-crotonic  acid,  Q^yfir^O.^,  which  separates  from  solu- 
tion in  carbon  disulphide  in  large,  transparent  crystals,  melting  at 
80°'o.  When  heated  with  water  to  100°,  brom-methyl-ethylene 
is  formed,  together  with  hcxeric  acid,  CB[3.CH(0H).C(0H) 
{Q>^^),Q>0.^.  This  latter,  which  is  an  homologue  of  glyceric 
acid,  dissolves  readily  ici  water,  and  crystallizes  from  ether  in 
needles  or  rhombic  prisms,  melting  at  141°. 

Metliykthylacrokin,  C2H5CH  —  C(CH3)C0H,  Avas  obtained 
by  Lieben  and  Zeisel  by  acting  on  propionaldehyde  with  a  solu- 
tion of  sodium  acetate.  It  is  a  liquid  having  a  sharp  penetrating 
odour,  boiling  at  137^  and  combining  with  acid  sodium  sulphite 
to  form  a  crystalline  compound.  With  bromine  it  combines  to 
form  a  dibromcaproic  aldehyde.^  When  acted  on  by  acetic  acid 
and  iron  filings  it  yields,  together  with  the  corresponding  alcohol, 
propyl-methj'l  alcohol  and  also  the  aldehvde  of  methyl-propyl- 
acetic  acid.  Hence  its  constitution  is  established,  and  its 
formation  is  as  follows  : 

CH3  /CHo 

CH3.CH2.CHO  -h    I       =  CH3.CH..CH  =  C<  +    H2O. 

CH,  "  \COH 

I 
OOH 

752  Rydrosorbic  Acid,  or  Propyl-acry lie  Acid,  CHg.CHg.CHg.CH 
^CH.COgH,  is  formed  by  the  action  of  sodium-amalgam  and 

^  Erlenmeyer,  Ber.  Deutsch.  Chem.  Gcs.  xii.  1354. 
2  Monatiich.  Chem.  iv.  1. 
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■water  on  sorbic  acid,  CgHj^O^,  which  is  obtained  as  a  by-product 
in  the  preparation  of  malic  acid  from  mountain-ash  berries.  It 
is  a  liquid,  boiling  at  208°,  having  at  19°  a  specific  gravity  of 
0  969,  and  not  solidifying  in  a  freezing  mixture.^  On  long- 
continued  heating  the  boiling-point  rises  considerably,  without, 
however^  a  product  of  constant  boiling-point  being  obtained. 
An  acid  occurring  in  small  quantity  in  croton  oil  is  probably 
identical  with  hydrosorbic  acid.^ 

On  fusion  with  caustic  potash,  hydrosorbic  acid  splits  up 
into  acetic  and  normal  butyric  acids.  It  combines  with  bromine 
to  form  a  liquid  dibroracaproic  acid,  whilst  sorbic  acid  combines 
with  hydrobromic  acid  to  form  a  dibromcaproic  acid  which  forms 
Jarc^e  compact  colourless  transparent  crystals,  fusing  at  68°. 
Hydrosorbic  acid  also  combines  readily  with  hydrobromic  and 
hydriodic  acids,  forming  substitution-products  of  normal  caproic 
acids,  which  are  converted  into  the  latter  by  nascent  hydrogen. 

Calcium  Eydrosorhate,  (Q^K^y.^^Qd,  -f  HgO,  crystallizes  in  con- 
centrically-grouped needles,  which  dissolve  more  easily  in  cold 
than  in  hot  water. 

Ethyl  Hydrosorhate,  C^fi.^G^B.^),  is  a  liquid  having  a  fruit- 
like smell,  and  boiling  at  166° — 167°. 

In  addition  to  the  acids  above  described,  the  following  acids 
of  this  group  are  known  : 


M.P.  B.P. 


2  Isopyroterebic  acid,      Liquid.       —     213  — 215 
^  Hexylenic  acid,  Needles.     39°  — 

753  Teracrylic  Acid,  0^1112^2*  ^^  obtained  by  the  dry  distillation 
of  terpentic  acid,  CgH^^O^,  the  latter  being  formed  when  oil  of 
turpentine  is  oxidized  with  chromic  acid.  Teracrylic  acid  is  an 
oily  liquid,  having  an  odour  resembling,  but  pleasanter  than, 
valeric  and  caproic  acids.  It  boils  at  218°  and  does  not  solidify 
in  a  freezing  mixture.  Its  calcium  salt,  (C7lI^i02)2Ca  -1-  5HoO, 
crystallizes  in  long  prisms,  which  are  readily  soluble  in  cold 
water,  but  on  heating  with  water  fall  to  a  powder,  which  dissolves 
again  on  cooling.  "When  the  acid  is  fused  with  caustic  potash, 
the  only  fixed  product  is  acetic  acid,  together  with  a  small 
quantity  of  an  acid  that  is  non-volatile  in  a  current  of  steam. 

^  Fittig  and  Barringer,  Ann.  Chem.  Pharm.  clxi.  309  ;  Fittig,  Stahl,  Lands- 
berg,  and  Engelhorn,  ih.  cc.  42. 

^  Schmidt  and  Berendes,  ih.  cxci.  121. 

^  Lagennark  and  Eltekow,  Jotcrn.  Russ.  Chem.  Gc3.  xi.  125  ;  Ber.  Dcutsck. 
Chem.  Ges.  xii,  854. 

*  Pinner,  Ber.  DeiUsch.  Chem.  *?"'.  Tt.  10:i. 
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When  teracrylic  acid  is  brought  into  contact  with  fuming  hydro- 
bromic  acid,  bromheptoic  acid  is  first  formed;  this  is,  however, 
very  unstable  and  quickly  gives  off  hydrobromic  acid,  and  yields 

.00 
heplolactone,  CgH^2\    i 

\o 

This  is  a  colourless  liquid,  possessing  a  weak  odour,  boiling 
at  220",  and  yielding  when  cooled  a  crystalline  mass  melting  at 
11°.  At  0°  it  dissolves  in  12  volumes  of  water;  on  warming, 
the  solution  becomes  turbid,  and  at  30° — 50°  the 'liquid  has  a 
milky  appearance,  and  the  lactone  separates  out  in  part  in  oily 
drops,  which  dissolve  again  above  80°.  On  cooling  again  to 
0°  the  same  phenomena  are  observed  in  reverse  order. 

When  the  lactone  is  boiled  with  the  hydroxides  of  the  alkali 
metals  or  of  metals  of  the  alkaline  earths,  the  salts  of  the 
corresponding  oxyheptylic  acid,  C^H^^^Og.  are  formed,  but  the  acid 
itself  does  not  exist  in  the  free  state.-"- 

Damahmc  Acid,  isomeric  with  teracrylic  acid,  has  been  found 
by  Stadeler  in  the  urine  of  man,  of  the  horse,  and  of  the  cow 
(SayLtaXt?,  heifer).  It  is  an  oily  liquid,  having  a  characteristic 
smell  resembling  that  of  valeric  acid.  The  homologue  damolic 
acid,  Cj^2-^22*^2'^  ^^  ^^^^  found  with  damaluric  acid. 


^  Fittig  and  Kratft,  Lich.  Ann.  ccyiii,  71. 
2  Lieb.  Ann.  Ixxvii.  27. 


COMPOUNDS  CONTAINING  TEN  TO   FIFTEEN 
ATOMS  OF  CARBON. 

754  Of  these  the  following  tertiary  alcohols  having  the 
composition  GgH^^gO,  are  known.  They  are  obtained  in  a  way 
similar  to  their  lower  homologiies  : 

Sp.  Gr. 
B  P  at  0°. 

1  Allyl  diethyl  carbinol,  C3H5(C2H5)2COH  156°     0-8891 

2  Allyl  methyl  propyl  carbinol, 

C3H5(CH3)(C3H7)COH    159—160°    0-8486 

Alcohols  having  the  Composition  C^qH^qO, 

^  AOyl  dipropyl  carbinol, 

C3H5(C3H7)2COH  192°     0  8602 

^  Allyl  di-isopropyl  carbinol, 

G^B.,[{CR^yjOB.]fiOK    169—171°    0  8671 


Amyldecatoic  Acid,  CioH^gOa- 

755  The  aldehyde  of  this  acid  is  formed  together  with  other 
condensation-products,  when  valeraldehyde  is  heated,  either 
alone  or  with  zinc  clippings,  to  240°,  or  when  the  acid  is  acted 
on  with  sodium,  caustic  potash,  hydrochloric  acid  or  potassium 
carbonate.^  For  its  preparation  valeraldehyde  is  boiled  for 
some  time  with  dry  potassium  carbonate,  and  the  product 
subjected  to  fractional  distillation.® 

Amyldecaldehyde  is  an  oil  possessing  a  strong  aromatic  smell. 
It  boils  at  187°— 191°,  and  at  0°  has  a  specific  gravity  of  0*861. 

^  Saytzew  and  Schirokow,  Zieh.  jinn,  cxcvi,  113. 
"  Zemilianicin,  Journ.  Prakt.  Chem.  [2],  xxiii,  263. 
^  P.  and  A.  Saytzew,  Lieh.  Ann.  cxcvi.  109.  i 
*  Lebedinsky,  Journ.  Prakt.  Chem   [2],  xxiii.  23. 

^  Borodin,  Ber.  Deutsch.  Chem.  Gefi.  ii.  552  ;  v.  480  ;  Uiha-n,  Bull.  Soc.  Chim. 
[2],  xiii.  24 ;  Kekule,  Ber.  Deutsch.  Chem.  Ges.  iii.  135. 
•*  Gass  and  Hell,  z6.  viii.  371. 
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By  oxidation  the  aldehyde  is  transformed  into  amyldecatoic 
acid,  which  has  already  been  described  as  isocapric  acid  (Part  L 
p.  663).  Borodin  has,  however,  found  that  it  belongs  to  the 
acrylic  series,  whence  it  follows  that  the  so-called  isocapric 
alcohol  (Part  I.  p.  665)  is  an  honiologue  of  ally!  alcohol  and  has 
the  formula  Cj^QHgoO. 

Amyldecatoic  acid  is  an  oily  liquid,  boiling  at  241°"5  and  at 
0"  having  a  specific  gravity  of  0'9096.  It  combines  with  bromine 
forming  dibromcapric  acid,  C^QH-^gBrgOg,  which  crystallizes  in 
glistening  monoclinic  prisms,  melting  at  ISo".-"- 

Amenyl-vaUric  Acid,  CipH^gOg,  was  obtained  by  Frohlich  and 
Geuther,  together  with  other  products,  by  the  action  of  carbon 
monoxide  on  sodium  amylate  at  210°.  It  is  a  thick  oily  liquid, 
possessing  a  characteristic  smell,  and  boiling  at  268° — 270°.- 

Undccylenic  Acid,  C^^HooOg,  is  formed,  together  with  oenanthol, 
when  castor-oil  is  distilled  under  reduced  pressure  (Part  I.  p.  647). 
It  forms  a  crystalline  mass  melting  at  24°o.  Under  ordinary 
pressure,  it  boils  with  slight  decomposition  at  295°,  but  distils 
unchanged  under  a  pressure  of  90  mm.  at  198°— 200^  It  com- 
bines wuth  bromine,  forming  dibromundecylic  acid,  Ci^HsoBr^Og, 
and  on  heating  with  hydriodic  acid  is  transformed  into  undecylic 
acid  (Part  I.  p.  667).  When  fused  with  caustic  potash  it  splits 
up  into  acetic  and  nonoic  acid,  whilst  fuming  nitric  acid  oxidizes 
it  to  sebacic  acid.^ 

Cimicic  Acid,  C15II28O2,  is  contained  in  the  exceedingly  dis- 
agreeably smelling  hquid,  ejected  as  a  defence  by  the  grey  leaf- 
bug  {Rhapigaster  puncti  pennis)  belonging  to  the  genus  cimex. 
It  crystallizes  from  ether  in  prisms  united  in  stellar  forms, 
melts  at  44°,  and  is  difficultly  soluble  in  alcohol.* 


THE  OLEIC  ACIDS. 

756  The  higher  members  of  this  group  of  acids  occur  as  gly- 
cerides  in  various  oils  and  fats.  They  do  not  volatilize  without 
decomposition,  and  are  distinguished  from  the  corresponding  fatty 
acids,  inasmuch  as  their  lead  salts  are  soluble  in  ether.  Another 
characteristic  reaction  is  that  they  are  transformed  by  a  small 

*  Hell  and  Sohoop,  Bcr.  DetUsch.  Chem.  Gcs.  xii.  193. 
^  Licb.  Ann.  ccii.  294. 

3  KrafFt,  Ber.  Dmtsch,  Chcm.  Gcr.  x,  1034  ;  Becker,  ih.  xi.  1412. 

*  Carius,  Ann.  Chcm.  Pharm.  cxiv.  147. 
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quantity  of  nitrogen  trioxide  into  isomeric  acids  possessing  a 
higher  melting  point.  Their  glycerides,  also^  undergo  a  similar 
change;  and  this  explains  why  oil  of  almonds,  olive  oil,  &c., 
solidify  when  treated  with  nitrogen  trioxide. 

Hypogmic  Acid,  C^eHg^jOg.  was  found  by  Gossmann  and 
Scheven,  together  with  palmitic  and  arachidic  acid  in  earth-nut 
oil,-^  which  is  used  as  a  substitute  for  olive  oil,  and  is  obtained 
from  the  seeds  of  Arachis  hypogcca.  Hypogseic  acid  may  be 
prepared  by  decomposition  of  the  lead  salt;  or  the  oil  is 
saponified  with  weak  soda  ley,  the  free  acids  extracted  from  the 
soap,  and  these  dissolved  in  the  smallest  possible  quantity  of 
hot  alcohol.  On  cooling,  part  of  the  fatty  acids  separate  out. 
The  filtrate  is  evaporated  in  hydrogen,  and  the  residue  treated 
again  as  above  until  no  further  separation  of  crystals  occurs  on 
cooling,  and  the  solution  is  then  evaporated.^  Hypogseic  acid 
forms  colourless  needle-shaped  crystals,  which  melt  at  33°  and 
dissolve  very  readily  in  alcohol.  It  combines  with  a  molecule 
of  bromine,  and  is  converted  in  contact  with  nitrogen  trioxide,^ 
or  by  heating  with  common  nitric  acid  (Schroder),  into  gae'idinic 
acid,  a  crystalline  mass,  which  melts  at  39°,  is  readily  soluble 
in  alcohol,  and,  like  its  isomeride,  combines  with  bromine. 

Isomeric  with  these  acids,  also,  is  pkysetoleic  acid,  which  is 
contained  in  the  spermaceti  oil  found  in  cavities  in  the  head 
of  the  sperm-whale  {Physeter  macroccphalus).  This  melts  at 
30^*  and  on  distillation  does  not  yield  sebacic  acid,  as  is  the  case 
with  hypogseic  acid  (Caldwell  and  Gossmann). 

757  Oleic  Acid,  Cj^Hg^Og.  This  acid  was  discovered  by  Chevreul, 
although  Gottlieb  first  obtained  it  in  the  perfectly  pure  state, 
and  ascertained  its  formula.^  It  occurs  as  triolein  in  most  liquid 
and  solid  fats,  such  as  non-drying  oil,  almond  oil,  olive  oil,  cod-liver 
oil,  &c.,  being  contained  in  these  bodies  in  large  quantities,  and 
it  is  also  found  in  the  fat  of  the  goose,  as  well  as  in  lard.  The 
acid  obtained  from  the  latter  was  considered  by  Bromeis  to  be  a 
distinct  one,^  but  Gottlieb  and  Heintz  showed  that  it  is  identical 
with  oleic  acid.^  This  is  also  the  case  with  the  benic  acid 
found  by  Walter  in  behen-oil  {Moringa  altera)  and  to  which 
he  gave  the  formula  of  Ci5Hj802>^  '^^^'^  Zalesky  showed  that  this 

^  Ann,  Chem.  Pharm,  xciv.  230. 

^  Schroder,  Ann.  Chem.  Pliarm.  cxliii.  22. 

^  Caldwell  and  Gossmann,  ih.  xcix.  307. 

^  Hofstadter,  Ann.  Chem,  Pharm.  xci.  177. 

^  Ih.  Ivii.  38.  ^  Ann.  Chem.  Phurm.  xlii.  65.' 

'  Pogg.  Ann.  Ixxxiii.  555  ;  Ixxxix.  583  ;  xc.  143. 

^  Ann.  Chem.  Phami.  Ix.  271. 
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is  impure  oleic  acid.^  Oleic  acid  also  exists  in  the  different 
varieties  of  tallow  and  other  solid  fats,  and  is  obtained  in  large 
quantities  as  a  by-product  in  the  manufacture  of  stearin  candles. 

Gottlieb  obtained  the  pure  acid  by  saponifying  almond  oil 
with  potash  solution,  decomposing  the  soap  with  hydrochloric 
acid,  and  heating  the  resulting  mixture  of  acids  with  lead  oxide 
for  some  hours  to  100°.  From  the  mixture  of  lead  salts  thus 
obtained,  the  lead  oleate  is  separated  by  exhaustion  with  ether, 
and  the  solution  is  then  shaken  up  with  hydrochloric  acid. 
Impure  oleic  acid  is  obtained  from  the  filtrate  by  evaporating 
off  the  ether.  This  acid  is  dissolved  in  ammonia,  and  a  solution 
of  barium  chloride  added,  when  barium  oleate  is  precipitated, 
and  this  is  purified  by  recrystallization  from  alcohol,  and  then 
decomposed  by  tartaric  acid. 

Olive  oil,  lard,  or  commercial  oleic  acid,  may  be  used  instead 
of  almond  oil,  and  the  acid  separated  from  the  lead  salt  may 
be  purified  by  cooling  to  between  -  6  and  —  7,  when  the  acid 
crystallizes ;  the  liquid  impurities  are  removed  by  subjecting  to 
strong  pressure,  and  these  operations  of  cooling  and  pressing 
repeated  until  a  pure  product  is  obtained  (Bromeis). 

If  the  commercial  oleic  acid  has  been  recently  prepared,  and 
therefore  contains  but  little  products  of  oxidation,  it  is  cooled 
down  to  0°  in  order  to  separate  stearic  and  oleic  acids;  the 
liquid  is  pressed  out.  and  then  by  the  process  last  described 
a  tolerably  pure  acid  may  be  obtained. 

Properties.  Oleic  acid  is  a  colourless  oil,  which  on  cooling 
solidifies  to  brilliant,  colourless,  and  tasteless  needles  melting 
at  14°.  Their  alcoholic  solution,  when  pure,  has  a  neutral 
reaction  (Gottlieb).  Pure  oleic  acid  is  moderately  stable,  but 
the  impure  acid  readily  absorbs  oxygen,  becomes  yellow 
coloured,  and  acquires  an  acid  reaction  and  rancid  odour. 

When  heated  with  amorphous  phosphoinas  and  fuming 
hydriodic  acid  to  200° — 210°,  it  is  converted  into  stearic  acid.^ 
On  fusion  with  caustic  potash  it  splits  up  into  acetic  and 
palmitic  acids.^  This  reaction  is  now  used  for  the  preparation 
of  the  latter  acid  on  the  large  scale.*  Nitric  acid  oxidizes  it 
with  formation  of  acids  of  the  fatty  and  of,  the  oxalic  series, 
and  on  dry  distillation  it  yields  acetic,  caprylic,  capric,  and  seba- 
cic  acids,  hydrocarbons  and  carbon  dioxide.     It  may,  however, 

1  Ber.  Deutsch.  Chem.  Ges.  vii.  1013.        ^  Goldschmidt,  Jahresb.  1876,  579. 
"  Varreiitrapp,  Ann.  Chem.  Pkarm.  xxxv.  196. 
*  Carpenter,  Journ.  Sqc.  Chem.  Ind.  ii.  98. 
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be  distilled  in  a  current  of  superheated  steam  at  250''  without  de- 
composition.^ It  combines  with  bromine  to  form  a  dibromstearic 
acid,  CigHg^BiaOg,  a  thick  yellow  oil,  having  a  fruit-like  odour.^ 

Sodium  Oleate,  C^gHgaNaOg,  is  a  constituent  of  hard  soap 
(Part  I.  p.  690).  The  salt  prepared  from  pure  oleic  acid  can 
be  crystallized  from  absolute  alcohol,  but  not  from  aqueous 
alcohol  or  from  the  syrupy  solution  in  water  (Varrentrapp). 
The  ^o^assmm  salt  forms  a  transparent  jelly,  and  is  decomposed 
by  a  large  quantity  of  water  into  caustic  potash  and  the  in- 
soluble acid  salt.  Barmni  Oleate,  (Ci8H3302)2Ba,  is  insoluble  in 
water,  difficultly  soluble  in  boihng  spirit,  and  forms  a  snow-white, 
light,  crystalline  powder.  Lead  Oleate,  {G^^H^fi.^^o^h,  is  a  light, 
white  powder,  which  melts  at  80°  to  a  yellow  oil,  and  this  on 
cooling  forms  a  brittle,  translucent  mass. 

758  The  glycerides  of  oleic  acid  were  obtained  by  Berthelot  by 
a  method  similar  to  that  employed  in  the  preparation  of  the 
glycerides  of  the  fatty  acids.^  Monolein  and  diolein  are  oily 
liquids,  which  on  cooling  solidify  to  a  crystalline  mass. 

Triolein,  (013113302)303115,  is  obtained  by  heating  glycerol  with 
an  excess  of  oleic  acid  to  240°.  It  may  also  be  prepared  from 
almond  oil  or  olive  oil,  by  cooling  down  to  0°,  removing  the 
liquid  part  from  the  glycerides  of  the  fatty  acids  by  pressure, 
and  dissolving  in  three  times  its  volume  of  hot  alcohol,  and 
again  cooling  down  to  0°,  or,  better,  a  few  degrees  below  0°, 
when  still  more  of  the  glycerides  separate  out.  The  alcohol 
is  then  distilled  off,  and  the  residue  washed  free  from  adhering 
alcohol  by  water.  A  still  purer  triolein  is  obtained,  according  to 
Kerwyck,  from  cold-pressed  olive  oil  by  allowing  it  to  stand 
twenty-four  hours  over  caustic  soda  solution,  with  frequent 
shaking,  by  which  means  the  glycerides  of  the  fatty  acids  are 
chiefly  saponified.  The  soap  thus  produced  is  removed  by  dilute 
alcohol,  and  the  triolein,  which  has  the  usual  yellow  colour,  is 
then  decolorized  by  animal  charcoal.^ 

Triolein  is  an  oily  neutral  liquid  devoid  of  taste  and  smell. 
It  can  be  distilled  in  a  vacuum,  and  solidifies  below  0°.  When 
exposed  to  the  air  it  takes  up  oxygen  and  becomes  acid  and 
rancid. 

Oleic  acid  dissolves  in  concentrated  sulphuric  acid  to  a  colour- 
less solution,  a  sulphonic  acid  being  formed.     This  was  termed 

^  Bolley  and  Borgniann,  Zcitsch.  Chem.  1866,  187. 

^  B\irg,Joum.  Prakt.  Cham,  xciii.  227  ;  Ovevbeck,  Ann.  CJiem.  Fkarvi.cxl.  43. 

2  AnJt,.  Chim.  Phij^.  [31  xli   243.        **  Kolbe-Meyer,  Lehrh.  Org.  Chem.  ii.  25. 
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by  Fremy  oJcia-sidiohuric  acid,  but  he  did  not  succeed  in  obtain- 
ing it  pure.  He  found  also  that  when  two  parts  of  oKve  oil 
and  one  part  of  sulphuric  acid  are  brought  together,  the  mixture 
being  well  cooled,  and  after  twenty-four  hours  decomposed  with 
water,  an  oily  layer  separates,  which  consists  of  the  sulphonic 
acids  of  oleic  acid  and  margaric  acid  (palmitic  and  stearic  acids), 
whilst  the  aqueous  solution  contains  the  excess  of  sulphuric 
acid  and  glycerol-sulphuric  acid,^  Mercer  and  Greenwood  long 
ago  proposed  the  use  of  this  sulpho-acid  in  place  of  olive  oil  in 
the  Turkey-red  industry,  and,  later,  John  Lightfoot  introduced 
the  use  of  the  sodium  salt  in  calico-printing,  as  a  "prepare" 
for  cloth  for  steam  colours,  the  effect  being  to  heighten  and 
brighten  the  tints.  ^ 

Lightfoot  stated  that  other  oils  may  also  be  used  for  this 
purpose,  and  at  the  present  day  castor  oil  is  much  used, 

759  Elcudic  Add.  Boyle,  in  1661,  mentions  that  olive  oil  and 
almond  oil  both  become  thick  when  acted  upon  by  fuming  aqua 
fortis,  and  other  chemists  observed  that  nitrous  vapours  produce 
the  same  effect.  These  observations  were,  however,  entirely 
forgotten  until  a  Marseilles  apothecary,  Poutet,  noticed  in 
1819  that  olive  oil  becomes  solid  when  shaken  up  with  a 
solution  of  mercury  in  nitric  acid,^  and  on  this  observation  he 
founded  a  method  for  detecting  the  adulteration  of  olive  oil 
with  foreign  oils ;  but,  later,  Boudet  and  Lescalier  pointed  out 
that  other  oils  also  give  a  similar  reaction  with  the  mercury 
solution,  and  that  this  cannot  be  used  for  the  detection  of 
adulteration  in  olive  oil,  Felix  Boudet,  following  up  Poutet's 
obser vatio  n ,  found  that  th  e  mercury  solution  only  a  cts  as 
described  when  it  contains  free  nitrous  acid.  He  further 
established  the  fact  that  a  new  body  is  formed  in  this  reaction, 
and  to  it  he  gave  the  name  of  ela'idin,  and  this  he  considered 
to  be  a  compound  of  glyceryl  oxide  with  a  new  acid  which 
he  termed  ela'idic  acid^  This  was  then  further  examined  by 
Laurent,^  Boudet  and  Pelouze,^  and  Meyer,''  the  last-named  pre- 
paring it  from  oleic  acid.  Its  correct  formula  was,  how^ever,  first 
established  by  Gottlieb.^ 

For  its  preparation,  nitrous  fumes  are  passed  for  a  few  minutes 
into  pure  oleic  acid  which  is  kept  cold,  and  this  in  about  half 

1  Ann,  Chim.  Phys.  [2],  Ixv.  113.  '  Patent  No.  769,  1864. 

^  Ann.  Chim.  Phys.  xii.  58,  *  Ann.  Chcin.  Pharm.  ir.  1. 

^  lb.  xxviii.  253  ;  Ann.  Ohim.  Phys.  Ixv.  294. 
^  Ann.  Chem.  Pharm.  xxix.  41.  ^  lb.  xxxv.  174.  ^  lb.  Ivii.  52. 
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an  hour  solidifies  to  a  mass  consisting  of  large  plates.  This  is 
then  washed  with  boiling  water  and  purified  by  recrystallization 
from  alcohol.  It  crystallizes  in  large  pearly  plates,  resembling 
benzoic  acid,  melts  at  44° — 45°,  and  at  a  higher  temperature 
distils,  almost  without  decomposition.  It  has  a  strongly  acid 
reaction,  combines  readily  with  bromine,  and  when  fused  with 
caustic  potash  splits  up  into  acetic  and  palmitic  acids  (Meyer, 
Varrentrapp),  whilst,  when  heated  with  phosphorus  and  hydriodic 
acid,  it  is  transformed  into  stearic  acid  (Goldschmidt). 

In  the  fused  state  it  quickly  absorbs  oxygen,  and  in  the  coarse 
of  a  couple  of  weeks  65  per  cent,  of  it  is  changed  into  a  semi- 
fluid yellow  mass,  smelling  of  poppy-oil. 

Since  solid  elaidic  acid  is  so  readily  obtained  from  liquid  oleic 
acid,  it  has  been  proposed  to  prepare  it  on  the  large  scale  for 
making  candles,  but  the  idea  has  not  as  yet  been  practically 
carried  out/ 

Sodium  Ma'idate,  C^^gHggNaOg,  crystallizes  from  alcohol  in 
light  laminse,  havmg  a  silvery  lustre.  Its  dilute  aqueous 
solution  becomes  turbid  and  alkaline  on  standing,  scales  of  the 
acid  salt  separating  out  (Boudet,  Laurent,  Meyer).  Thepoiassium 
salt  forms  glistening  needles  (Boudet) ;  the  harmm  salt  and 
the  lead  salt  are  white  precipitates  (Meyer). 

By  heating  silver  bromstearate  with  water,  Oudemanns 
obtained  an  acid  which  is  isomeric  with  elaidic  acid,  but  dissolves 
more  readily  in  alcohol.  It  forms  an  amorphous  mass,  melting 
at  35°.2 

760  DoeglicAcid,  C^gHggOg.  The  glyceride  of  this  acid  forms, 
according  to  Scharling,  the  principal  part  of  the  doegling  train- 
oil  (from  the  bottle-nosed  whale,  Balaena  rosirata).  The  acid 
is  a  yellow  oil,  which  solidifies  on  cooling.^ 

Enicic  Acid,  Q^^^fi^,  occurs  in  the  fatty  oil  of  white  and 
black  mustard,^  in  rape-seed  oil,^  and  in  grape-seed  oil.^  For 
its  preparation  the  rape-seed  oil  is  boiled  with  water  and  lead 
oxide,  and  the  lead-soap  extracted  with  cold  ether,  when  the 
solution  contains  chiefly  an  acid  which  has  not  been  closely 
examined,  and  to  which  the  name  sinoleic  acid  has  been  given/ 
The  residual  lead  salt  is  decomposed  with  alcoholic  hydrochloric 
acid.    Erucic    acid  forms  long  thin  glistening  needles,  which 

^  Ber.  Entw.  Chem.  Ind.  ii.  499.  -  Journ.  PraU.  Ckem.  Ixxxis.  193. 

^  Jmtrn.  PraU.  Chem.  xliii.  257.  ^  Darby,  Ann.  Chem.  Pharm.  Ixix.  1. 

^  "Websky,  Journ.  Prakt.  Chem.  Iviii.  449. 

^  Fit2,  Ber.  Dcutsch.  Chew,.  Ge.<i.  iv.  442. 

^  Darby;  Stadeler,  Avn  Chrvi.  Phann  Ixxxvii.  153. 
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melt  at  34°.  When  fused  -with  potash  it  splits  up  into  arachic 
acid  and  acetic  acid.  Nitrogen  trioxide  or  dilute  nitric  acid^ 
transforms  it  into  h^xtssiclic  or  erucidic  acid,  which  crystallizes 
from  alcohol  in  laminse  which  melt  at  56°.  On  heating  with 
hydriodic  acid  and  phosphorus,  it  is  reduced,  as  is  also  erucic 
acid,  to  behenic  acid,  CggH^^Og  (Goldschmidt). 


EiciNOLEic  Acid,  C^oSI^fi^. 

761  This  acid,  although  it  does  not  belong  to  the  foregoing  group, 
is  intimately  connected  with  it.  It  occurs  as  glyceride  in  castor 
oil,^  together  with  small  quantities  of  tripalmitin  and  tristearin, 
and  in  the  oil  obtained  from  the  seeds  of  Jatro]p]ia  Curcas  [Giircas 
purgans).^  It  is  prepared  from  castor  oil  by  a  process  similar 
to  that  by  which  oleic  acid  is  obtained  from  olive  oil ;  ^  or  more 
simply,  castor-oil  soap  is  fractionally  precipitated  by  means  of 
calcium  chloride,  the  first  fraction  (aboixt  one-third  of  the  whole) 
set  aside,  and  the  later  fractions  twice  crystallized  from  alcohol. 
A  pure  calcium  ricinoleate  is  thus  obtained,  which  is  then 
decomposed  with  hydrochloric  acid.^ 

Ricinoleic  acid  is  a  thick  oily  liquid,  which  sohdifies  below 
0",  and  mixes  in  every  proportion  with  alcohol  and  ether.  Its 
alcoholic  solution  has  an  acid  reaction,  an  unpleasant  persistent 
acritl  taste,  and  it  does  not  oxidize  in  the  air.  As  has  already 
been  described,  it  decomposes  on  heating  with  alkalis,  into 
methylhexyl  carbinol  and  sebacic  acid,  and  on  distillation  under 
diminished  pressure  yields  oenanthol  and  undecyhc  acid.  It 
combines  with  bromine,  and  when  acted  on  with  iodine, 
phosphorus  and  water,  is  transformed  into  iodstearidic  acid, 
^is^sglOg,  a  yellow  oil,  which  on  heating  with  hydrochloric 
acid  and  zinc  filings  yields  stearic  acid  (Glaus  and  Hassenkamp). 

When  castor  oil  is  treated  with  alcoholic  ammonia,  ricinolamide, 
^is^^ssOoC^Hg)  is  formed  :  ^  it  is  a  white  crystalline  mass  which 
melts  at  GQ'',  and  is  decomposed  by  hydrochloric  acid  into  ricinoleic 
acid  and  sal-ammoniac.^ 

J  Hansskneclit,  Ann.  CJicm.  Pharm.  cxiiii.  41. 
Bussy  and  Lecanu,  Joiirn.  Pharm.  xiii.  57. 

3  Bonis,  Compt.  Mend,  xxxix.  923  ;  Arnaudon  and  Ubaldini,  Jahresb.  1858, 
536  ;  Silva,  Covipt.  Hend  Ixvii.  1261. 

^  Saalmuller,  Ann.  Chew.  Pharm.  Ixiv.  108  ;  Svanberff  and  Kolmodin,  Joum, 
Prakt.  Chcm.  xly.  431.  a  , 

^  Glaus  and  Hasseukamp,  Ber.  Dmfsch.  Chem.  Ges.  ix.  1961. 

^  Boullay,  Covipt.  Rend,  xxxii.  223. 

^  Bonis,  Ann.  Chim.  Phys.  [3],  xliv.  96. 
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On  dissolving  castor  oil  in  sulphuric  acid  a  sulphonic  acid 
is  produced.  A  solution  of  its  ammonium  salt  mixed  with  that 
of  sulphopyroterebic  acid  is  used  in  commerce  under  the  name 
of  Turkey-red  oil,  and  is  used  in  Turkey-red  dyeing  and  in 
cahco-printing.  Castor  oil  also  dissolves  readily  in  soda-ley,  and 
such  a  solution,  known  in  commerce  as  "  soluble  oil,"  is  used  as 
a  "  prepare "  in  calico-printing.  Castor  oil  is  likewise  used  in 
the  manufacture  of  soap. 

Bicinelaidic  Acid  is  obtained  by  the  action  of  nitrogen  trioxide 
on  ricinoleic  acid/  and  is  also  produced  when  this  acid  is  heated 
with  ordinary  nitric  acid.^  It  crystallizes  from  alcohol  in  silky 
ghstening  needles  united  in  tufts,  which  melt  at  50°.  With 
bromine  and  caustic  soda  it  exhibits  reactions  corresponding 
to  those  of  ricinoleic  acid.^ 


TRIBASIC  ACIDS,  CnH3n-i(C02H)3,  AND  COM- 
POUNDS RELATED  THERETO. 

762  Methenyl-Tricarhoxylic  Acid,  CH(C02H)3,  is  not  known  in 
the  free  state.  Its  ethyl  salt  is  obtained  by  the  action  of  ethyl 
chloroformiate  (ethyl  chlorcarboxylate)  on  pure  sodium  malonic 
ether.  It  is  a  pleasantly-smelling  liquid,  which  distils  between 
254°  and  260°,  and  is  decomposed  by  potash  solution  with  for- 
mation of  potassium  malonate,  potassium  carbonate,and  alcohol.* 

Mhenyl  Tricarboxylic  Acid,  C2H3(C02H)3,  is  obtained  in  a 
similar  way  from  ethyl  chloracetate  : 

CO,.C,H,  CO,.C,H, 

CHNa        +  CICH2.CO2.C2H5  =  CH.CH2.CO2.C2H5  +  NaCl. 

CO,.C,H,  CO,.C,H, 

The  ethereal  salt  thus  obtained  is  a  liquid  boiling  at 
275°— 280°.  The  acid  prepared  from  it  crystallizes  in  colourless 
prisms,  fusing  at  159°,^  with  evolution  of  carbon  dioxide,  and 
when  the  heat  is  continued  sufficiently  long  only  succinic  acid 
is  left  behind. 

1  Boudet,  Playfair,  Ann.  Chem.  Pharm.  Iz.  322. 

2  Ulrich,  Zeitsch.  Chem.  1867,  548. 

3  Koch,  Ann.  Chem.  Pharm.  cxix.  174. 

*  Conrad.  Ber.  Deutsch.  CJiem.  Ges.  xii.  752. 
^  Bischoff,  Ann.  Chem.  Pharm.  ccxiv.  68. 
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The  same  acid  is  obtained  when  ethyl  chlormalonate  acts  upon 
ethy]  iodomalonate,  acetylene-tetracar'boxylic  acid,  C2H2(C02H)^ 
being  produced :  ^ 

CA-CO,v  /CO2.C2H, 

>CHC1  +  NaHC 
C2H,.C0/  \C02.CA 

CA.CO2.  /CO2.C2H5 

>CH— CH  +     NaCl. 

C2H5CO2/  XCOs-C^H, 

This  ethereal  salt  forms  glistening  white  needles,  which  melt 
U  76°.  It  boils  at  305°,  and  is  decomposed  by  potash  solution 
with  formation  of  ethenyl-tricarboxylic  acid. 

By  the  action  of  chlorine  on  the  ethyl  salt  of  this  acid,  ethyl 
monoclilorethenyl-tricctrhoxylate,  C2H2C1(C02.C2H5)3,  is  obtained, 
which  boils  with  partial  decomposition  at  290°,  and  by  prolonged 
heating  with  hydrochloric  acid  is  transformed  into  fumaric 
acid  : 

CH2.CO2.aH5  CH.CO2H 

I  +     3H2O     =     II  + 

CC1(C02.C2H,)2  CH.CO2H 

CO2     -h    HCl    +     3C2H5OH. 

When  the  chlorinated  ethyl  salt  is  saponified  with  potash, 
inactive  malic  acid  is  produced,  identical  with  that  obtained  by 
Loydl  from  fumaric  acid.^ 

By  the  action  of  sodium  ethylate  and  propyl  iodide  on  the 
ethyl  salt  of  ethenyl-tricarboxylic  acid  it  is  converted  into  the 
ethyl  salt  oi  propyl-ethenyl-tTicarboxijlic  acid,  C3H7(C02H)2CH2. 
CO2H,  which  boils  with  decomposition  at  280°.  The  acid  ob- 
tained from  this,  crystallizes  in  glistening  needles,  which  melt  at 
148°  and  decompose  when  further  heated  into  propyl-succinic 
acid  and  carbon  dioxide. ^ 

^-Methyl-cthenylTncarhoxylicAcid,Q11^.0K{CO^)QY^^^ 
The  ethyl   salt  of  this  acid  is  obtained  by  acting  with  ethyl 
brompropionate  on  ethyl  sodomalonate,  and  is  a  liquid  which 
boils  at  270°,  and  is  readily  saponified  by  potash  solution.     The 
free  acid  forms  a  glistening  crystalhne  mass,  which  melts  at 

^  Conrad  and  Bischoff,  Ann.   Ckem.  Pkarm.  ccxiv.  68, 
^  Bischoff,  Atin.  Chem.  Pkarm.  ccxv.  44. 
3  Waltz,  lb,  ccxiv.  58. 
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142°,  and  on  longer  heating  splits  up  into  pyrotartaric  acid  and 
carbon  dioxide.^ 

763  Desoxalic  Acid,  or  Dioxyetlienyltricarboxylic  Acid, 
C2H(OH)2(C02n)g,  was  discovered  in  1861  by  Lowig,  who 
obtaiAed  its  ethyl  salt  by  the  action  of  sodium-amalgam 
on  ethyl  oxalate,  and  from  this  he  prepared  the  free  acid.  He 
pointed  out  that  its  solution  splits  up  on  heating  into  racemic 
acid  and  carbon  dioxide,  this  forming  the  first  instance  of  the 
synthesis  of  a  higher  organic  acid  by  reduction  of  oxalic  acid. 
lu  this  reaction  other  products  are  obtained  in  addition  to 
ethyl  desoxalate.  Amongst  these  Lowig  noticed  a  substance 
which  possesses  a  sweet  taste,  is  decomposed  by  means  of 
yeast  into  alcohol  and  carbon  dioxide,  and  also  exhibits  other 
properties  characteristic  of  an  optically  active  sugar,  but  he 
did  not  examine  it  further.^ 

According  to  Brunner  the  first  action  of  sodium-amalgam 
on  ethyl  oxalate  is  to  produce  the  ethyl  salt  of  an  acid  having 
the  composition  CgHgOg,  and  the  solution  of  this  on  evaporation 
decomposes  into  racemic  acid  and  glyoxylic  acid,  whilst  \\hen 
the  ethyl  salt  is  saponified  with  potash  solution  or  the  potassium 
salt  is  decomposed  with  acetic  acid,  Lowigs  acid  is  formed.^ 
Klein  was,  however,  unable  to  confirm  these  observations,  but 
obtained  the  same  results  as  Lowig.* 

To  prepare  desoxalic  acid,  equal  volumes  of  a  three  per-cent. 
sodium  amalgam  and  of  ethyl  oxalate  are  brought  into  a  cylinder, 
kept  cold  by  water,  and  shaken  together  frequently.  The 
product  is  exhausted  with  ether,  and  the  solution  shaken  up 
with  small  quantities  of  water.  The  ether  is  then  distilled 
off  and  the  residue  allowed  to  stand  until  the  ethyl  desoxalate 
has  crystallized  out.  This  is  then  decomposed  with  potash 
solution,  the  solution  rendered  faintly  acid  with  nitric  acid,  and 
then  precipitated  with  lead  nitrate.  The  washed  lead  salt  is 
decomposed  with  sulphuretted  hydrogen  and  the  solution  of  the 
acid  thus  obtained  is  evaporated  over  sulphuric  acid. 

Desoxalic  acid  crystallizes  with  one  molecule  of  water  of 
crystallization.  It  is  very  deliquescent  and  dissolves  readily  in 
alcohol.  When  its  aqueous  solution  is  heated  to  45°,  it  evolves 
carbon  dioxide,  and  this  decomposition  proceeds  rapidly  when 

^  BischofF,  Bcr.  Dmtsch.  Chem.  Ges.  xiii.  2165  ;  Bischoflf  and  Guthzeit,  ib*  liv, 
614. 
2  Journ,  Prakt.  Cliem.  Ixxxiii.  129  ;  Ixxxiv.  1. 
8  Ber.  Deutsch.  Chein.  Ges.  iii.  974  ;  xii.  542, 
*  Joum.  Prakt.  Chcm.  [2],  xx.  146. 


428  PROPENYLTKICARBOXYLIO  ACID. 

the  liquid  is  boiled,  an  acid  being  formed  whicb  has  been 
supposed  to  be  racemic  acid,  but  which  is  doubtless  the  very 
similar  glyco  tartaric  acid  : 

CH(0H)C02H  CH(0H)C02H 

I  =    CO,    +       I 

C(OH)(C02H)2  CH(0H)C02H. 

Normal  Potassium  Desoxalate,  C^HgOgKg,  remains  on  evaporat- 
ing its  solution  as  a  gum-like  mass,  which  on  standing  over 
sulphuric  acid  becomes  crystalline.  When  its  solution  is  super- 
saturated with  acetic  acid,  the  acid  salt,  CgH^OgKg,  separates 
out  after  some  time  in  brilliant,  white,  hard,  crystalline  crusts. 

The  desoxalates  of  calcium,  barium,  lead,  and  silver  are 
white  precipitates. 

Ethyl  Desoxalate,  0^11303(0235)3,  separates  from  its  solution 
in  warm  water  in  large  glistening  triclinic  crystals,  which  melt 
at  85°,  are  odourless,  and  have  a  purely  bitter  taste.  When 
heated  for  some  time  to  140° — 150°  it  is  converted  into  an  oily 
liquid  which  does  not  solidify  on  cooling,  and  has  an  exceed- 
ingly bitter  taste.  This  modification  is  also  contained  in  the 
mother-liquor  from  the  crystals  which  have  been  deposited. 
On  treatment  with  bases  it  yields  salts  identical  with  those 
prepared  from  the  crystalline  variety. 

When  heated  with  acetic  anhydride,  ethyl  diacetyl-desoxalatBy 
0311(0.021130)2(002.02115)3,  is  obtained,  as  an  oily  liquid 
possessing  a  very  bitter  taste. 

764  Propenyl  Tricarboxylic  Acid,  03115(00211)3,  was  first  ob- 
tained by  Dessaignes^  by  the  action  of  nascent  hydrogen  on 
aconitic  acid,  03113(00211)3.  Soon  afterwards  Maxwell  Simpson 
prepared  an  acid  of  the  same  composition  synthetically,  by  con- 
verting propenyl  tribromide  into  the  corresponding  cyanide,  and 
decomposing  this  by  heating  with  potash  solution.^  KekuM  put 
forward,  the  supposition  that  Simpson's  acid  is  identical  with 
that  of  Dessaignes,  and  termed  it  carhallylic  acid.  Wichelhaus 
then  proved  the  correctness  of  Kekul^'s  view,^  and  Simpson, 
who  investigated  the  acid  more  closely,  altered  its  name  to 
tricarhallylic  acid.* 

This  acid  is  also  formed  when  allylene  dichloride,  03114012,  is 
heated  with  alcohol  and  potassium  cyanide  and  the  product 

^  Ann.  Chem.  Pkarm.  Suppl.  ii.  188. 

^  A7in.  Chrm.  Pliarm,.  cxxviii.  351. 

3  lb.  cxxxii.  61.  4  75.  exxxvi.  272. 
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decomposed  with  potash,^  and  it  may  be  obtained  in  the  same 
way  from  the  ethyl  salt  of  chlorcrotonic  acid.^  It  is  obtained, 
further,  by  means  of  the  acetoacetic  ether  reaction.  When  the 
sodacetacetate  is  treated  with  ethyl  chloracetate,  ethylaceto- 
succinate  (p.  189)  is  formed,  and  the  sodium  compound  of  this 
is  transformed  by  ethyl  chloracetate  into  ethyl  acetotricarballylatey 
CH3.CO.C3H4(C02.C2H5)3.  This  is  a  liquid  which  is  readily 
decomposed  by  caustic  potash  or  baryta- water  as  follows  :  ^ 

CH5.CO.C.CO2.C2H5     +     4K0H     =     CH2.CO.OK    + 

CH,,C0,.C2H, 
CH,.CO,K 


2-' 

H.CO,K    +     3CoH,.OH. 


'2^-^b' 


H2.CO2K 


The  above-mentioned  ethereal  salt  of  ethenyltricarboxylic 
acid  (p.  4f25)  contains  an  atom  of  hydrogen  which  is  replaceable 
by  sodium ;  if  the  sodium  compound  be  then  treated  with 
ethyl  chloracetate,  the  salt  of  isoallylcne-teiracar'boxyliG  acid, 
Q^^{GO,f£)^,  is  obtained,  which  crystallizes  in  large  prisms, 
and  decomposes  at  151°  into  tricarballylic  acid  and  carbon 
dioxide :  ^ 

CH2.CO2B:  CH2.CO2H 


|^<§§;i  -  |^^-^o,H  +  CO 

CH2.CO2H         CH.CO^H 


Tricarballylic  acid  is  frequently  found  as  calcium  salt, 
together  with  aconitic  acid  and  citric  acid,  C3H^(0H)  (00311)3, 
in  the  deposit  in  the  stills  used  in   beet-sugar  works.^ 

It  forms  rhombic  crystals  readily  soluble  in  water  and 
alcohol,  and  melting  at  158°.  It  is  not  attacked  by  nitric  acid, 
and  on  heating  part  of  it  sublimes  without  decomposition. 

^  Clans,  lb.  clxx.  131.  -  Glaus,  ih.  cxci.  63. 

8  Miehle,  Ann.  Chem.  Pharm.  cxc.  322. 

*  Conrad,  Ber.  Deufsch.  Chem.  Ges.  xiii.  2163. 

*■  Von  Lippraaun,  Bcr.  Dcutsch.  Cham.  Gcs.  xi.  707  ;  xii.  1649. 
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CITRIC  ACID,  CgHgOy. 

765  The  acid  contained  in  lemon  juice,  the  existence  of  which 
must  have  been  noticed  in  very  early  times,  was  first  distinctly 
mentioned  by  a  chemist  in  the  thirteenth  century.  In  his 
Speculum  Natitrale  Vincentius  Bellovacensis  says :  "  Sahdiva 
corpoTicm  multa  sunt,  lot  aqua  limomtin,  vel  poviorum  citrinontm^ 
quce  dicitntur  melangoli,  vcl  orangii,  distillata  per  Jiltrum." 
Boerhave  also  refers  to  it  as  a  solvent  in  his  Mementa  Chemiae, 
in  1732,  where  he  states  that  many  very  powerful  vegetable 
solvents  or  acids  exist,  "  quum  succiis  recens  aurantii,  citrei  limonii, 
phcmhicm,  stannum,  cupritm,  ferrum  dissohat,  satisque  fortiter 
calcinare  qncat,  acqite  quam  fossila  acida"  N.  Lemery  beheved 
that  this  acid  was  identical  with  that  of  the  grape,  for  he  asserts 
that  in  the  preparation  of  the  "  extrait  de  mars  apeo-itif  made 
from  iron-rust,  water,  and  new  wine  or  lemon- juice,  it  is  "  kssucs 
tartareux  du  raisin  et  des  limons"  which  produce  the  desired 
effect.  Stahl  considered  this  acid  to  be  acetic  acid,  but  Retzius, 
in  1776  pointed  out  that  it  differs  from  this,  inasmuch  as  the  lead 
salt  is  insoluble  in  water,  whilst  it  differs  from  tartaric  acid,  in  that 
it  does  not  form  a  sparingly  soluble  potassium  salt.  He  did  not 
however  obtain  the  acid  in  the  form  of  crystals,  which  was  first 
accomplished  by  Scheele  in  1784. 

Citric  acid  is  found  widely  distributed  in  nature.  According 
to  Scheele  it  occurs  in  the  free  state,  and  accompanied  with  little 
or  no  malic  acid  in  the  lemon,  orange,  sloe,  cranberry,  whortle- 
berry, hipberry,  and  in  the  berries  of  Solannm  dulcamara,  and 
also,  according  to  Stein,  in  Brosera  intermedia}  Together  with 
about  an  equal  quantity  of  malic  acid  it  is  found  in  the  goose- 
berry, currant,  bilberry,  raspberry,  strawberry,  and  cherry,  whilst 
the  tamarind  (Vauquelin)  and  the  mountain-ash  berry  (Liebig) 
contain  both  these  acids  together  with  tartaric  acid. 

The  citrates  of  calcium  and  potassium  are  also  very  widely 
distributed  in  the  vegetable  kincrdom  ;  amongst  the  well-known 
plants  in  which  they  occur,  may  be  mentioned :  in  the  haulm  of 
Aconitum  lycoctonum,  Convallaria  majalis,  Isatis  tinctoricm,  in 
the  tobacco  plant,  in  the  milky  juice  of  lettuce,  and  in  the 
tubers  of  the  Jerusalem  artichoke  and  dahlia,  the  potato,  onion, 
beetroot,  &c. 

1  Ber.  Deutsch.  Chem.  Ges.  xii.  1603. 


SYNTHESIS  OF  CITRIC  ACID.  431 


Preparation,  Citric  acid  is  principally  obtained  from  lemon 
juice,  which  forms  a  considerable  article  of  export  from  the 
Italian  and  Spanish  ports,  as  well  as  from  Sicily,  the  West  Indies, 
and  the  Sandwich  Islands.  It  is  also  obtained  from  the  several 
species  of  lemons,  viz.,  Citrus  medica,  C.  Limonum,  and  G. 
Bergamia,  the  rind  of  these  fruits  being  utilised  for  the  prepara- 
tion of  the  ethereal  oil.  The  juice  ferments  when  allowed  to 
stand,  a  deposit  forming  which  is  separated  by  filtration.  The 
juice  contains  from  6  to  7  per  cent,  of  citric  acid,  and  is  not  only 
used  to  manufacture  citric  acid,  but  without  further  treatment, 
is  employed  as  an  excellent  anti-scorbutic.  The  inspissated  juice, 
containing  about  23  per  cent,  of  acid,  also  forms  an  article  of 
commerce. 

Citric  acid  is  still  manufactured  from  this  juice  according  to 
the  method  originally  suggested  by  Scheele.  The  lemon-juice, 
heated  almost  to  the  boiling-point,  is  treated  with  finely 
powdered  chalk  until  no  further  evolution  of  carbonic  acid 
occurs,  when  milk  of  lime  is  added.  The  calcium  citrate  thus 
precipitated  is  washed  with  boiling  water  until  the  filtrate  is 
colourless.  Calcium  citrate  is  also  frequently  prepared  in  this 
way  from  the  fresh  juice  in  districts  where  lemons  are  plentiful, 
and  then  brought  into  commerce.^  To  obtain  the  acid,  this  salt 
is  decomposed  by  the  calculated  quantity  of  sulphuric  acid,  the 
solution  concentrated  to  the  crystallizing  point,  and  the  acid  thus 
obtained  purified  by  recrystallization. 

Tilloy  has  proposed  to  prepare  citric  acid  from  currants.  The 
juice  is  first  allowed  to  ferment,  the  alcohol  is  then  distilled  off, 
and  the  residual  liquor  worked  up  for  the  acid  by  the  method 
abo've  described.  One  hundred  kilograms  of  currants  yield  one 
kilogram  of  citric  acid  and  ten  liters  of  alcohol  of  about  40  per 
cent,^  According  to  Grager,  cranberries  may  be  treated  in  a 
similar  way  for  the  preparation  of  both  citric  acid  and  alcohol,^ 

766  Synthesis.  Citric  acid  can  also  be  prepared  synthetically,  and 
its  synthesis  serves  as  an  excellent  example  of  the  statement  that 
any  compound  occurring  in  the  organic  world  can  be  artificially 
prepared  so  soon  as  its  constitution  is  known  (Part  I.  p.  10).  The 
first  step  towards  a  knowledge  of  its  constitution  was  made  by 
Liebig,  who  rightly  fixed  "the  molecular  weight  of  the  acid,  and 
pointed  out  that  it  is  tribasic.^  Or  heating,  it  loses  a  molecule  of 
water  and  is  transformed  into  aconitic  acid,  CgHgOg,  which  is  also 

^  Ber.  Entw.  Cliem.  Ind.  \l  425,  -  Journ.  Plmrw.  [2],  xiii.  305. 

8  Ncu,  Jahrh.  Pharm.  xxxix.  193,  *  Ann.  Chcvi.  F/iann.  xxvi.  151. 
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tribasic.  Hence  it  follows  that  it  contains  an  hydroxyl  in 
addition  to  three  carboxyl  groups,  and  this  is  also  shown  by  the 
fact  that  it  contains  a  hydrogen  atom  easily  replaceable  by 
an  acid  radical.  From  these  observations  the  rational  formula 
C3H4(OH)(C02H)3,  was  deduced.  Aconitic  acid  combines  with 
hydrogen,  forming  tricarballylic  acid,  C3H5(C02H)3,  which  has 
also  been  prepared  from  propenyl  tribromide  by  the  replacement 
of  the  bromine  by  carboxyl,  and  this  fixes  its  constitution. 
Citric  acid  is,  however,  the  corresponding  oxyacid,  and  can  exist 
in  two  forms  : 

CH2.CO2H  CH^GO.H 


C(0H).C02H  CH.CO,H 


CH.' 


CH2.CO2H  CH(0H).C02H. 

The  first  of  these  seems  to  be  the  most  probable  formula  for 
citric  acid,  since  it  often  yields  as  a  decomposition  product, 
acetone,  or  some  of  its  derivatives.  The  correctness  of  this  view 
has  been  established  by  the  researches  of  Grimaux  and  Adam. 
Starting  from  dichlorhydrin,  and  oxidizing  this  to  dichloracetone, 
they  then  combined  this  with  hydrocyanic  acid,  and  obtained  di- 
cMoTOXTjisohutyronitril,  CH2C1.C(0H)(CN)CH2C1,  and  this  latter 
on  decomposition  with  hydrochloric  acid,  was  transformed  into  the 
corresponding  acid.  The  potassium  salt  of  this  acid  was  then 
heated  with  a  concentrated  solution  of  potassium  cyanide,  and 
converted  into  a  salt  oi  diqfanoxyisolutyric  acicl.s.-n.d^i^yrodinQi, 
when  saturated  by  hydrochloric  acid  and  heated,  yielded  citric 
acid.i 

767  Properties.  Citric  acid  crystallizes  with  one  molecule  of 
water  in  transj^arent  rhombic  prisms,  which  dissolve  in  075  part 
of  cold,  and  0*5  part  of  hot  water,  and  have  a  strong  but  pleasant 
acid  taste.  Citric  acid  is  also  readily  soluble  in  alcohol,  and 
dissolves  tolerably  easily  in  ether.  It  melts  at  100°,  and  on 
increasing  the  heat  begins  to  lose  its  water  of  crystallization, 
which  is  driven  off  completely  at  about  130°.  The  anhydrous 
acid  melts  at  153° — 154°,  and  decomposes  at  175°  into  water  and 
aconitic  acid.  On  dry  distillation  citric  acid  decomposes  into 
carbon  dioxide,  acetone,  and  two  isomeric  acids,  itaconic  and 
citraconic  acids,  C^HgO^,  which  are  likewise  produced  when  citric 
acid  is  heated  under  pressure  with  water  or  with  a  dilute 
acid, 

1  Comi^t.  Rend.  xc.  1252. 
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When  oxidized  with  manganese  dioxide  and  dilute  sulphuric 
acid,  or  "with  an  acidified  solution  of  potassium  permanganate, 
carbon  dioxide  and  acetone  are  formed.^  If  chlorine  be  led  into 
an  aqueous  solution  of  citric  acid  exposed  to  sunlight,  hexchlor- 
acetone  is  produced,  whilst  a  solution  of  the  sodium  salt 
similarly  treated  yields  pentachloracetone.^  Bromine  has  no 
action  upon  a  solution  of  the  acid,^  but  when  the  sodium  salt  is 
thus  treated,  pentabromacetone  is  formed.^  When  citric  acid  is 
fused  with  caustic  potash,  two  molecules  of  acetic  acid  are 
formed  to  one  molecule  of  oxalic  acid  (Liebig) : 

C,B.,Kfi,    +    KOH    =    2C,H3K02     +      C,K,0,. 

Citric  acid  when  heated  with  syrupy  phosphoric  acid  decom- 
poses into  water,  carbon  monoxide,  carbon  dioxide  and  acetone  : 

C3H50(C02H)3  =  CsHgO  +  2CO2  +  CO  +  H^O. 

Concentrated  sulphuric  acid  produces  a  similar  decomposition, 
but  carbonization  also  occurs,  and  sulphur  dioxide  is  evolved.^ 

Citric  acid  is  used  for  domestic  purposes  and  for  the  prepara- 
tion of  lemonade  and  other  cooling  drinks.  It  likewise  finds 
employment  in  medicine,  and  in  dyeing  and  calico-printing, 
where  it  is  frequently  replaced  by  the  lemon-juice. 


The  Citrates. 

768  The  salts  of  citric  acid  have  been  made  the  subject  of 
careful  examination  by  a  number  of  chemists.^ 

Normal  Potassmm  Citrate,  CgH^O^Kg  -f-  HgO,  crystallizes  in 
glassy  needles,  which  have  an  alkaline  taste,  are  deliquescent, 
and  do  not  dissolve  in  absolute  alcohol  (Heldt). 

Monacid  Potassium  Citrate,  CgHgO^Kg,  dissolves  readily  in 
water,  has  a  pleasant  sour  taste,  and  forms  monoclinic  crystals 
(Heusser). 

Biacid  Fotassiicm  Citrate,  CgH^O^K  H-  2H2O,  crystallizes  in 
large  transparent  prisms,  which  have  a  sour  taste  and  are 
permanent  in  the  air. 

^  Pean  de  St.  GiUes,  Gmnpt.  Rend,  xlvii.  554. 

2  Stadeler,  Ann.  Chem.  Pharm.  cxi.  299.  ^  Cloez,  ib.  cxxii.  116. 

^  Grimaux,  Compt.  Rend,  Ixxviii.  1442. 

^  Vangel,  Ber.  Deutsch.  Chem.  Ges.  xiii.  355. 

®  Berzelius,  Fogg.  Ann.  xxvii.  281  ;  xlvii.  309  ;  Liebig,  Ann.  PJiarm.  v.  134  ; 
xxvi.  151  ;  xliv.  57  ;  Heldt,  ib.  xlvii.  157  ;  Kammerer,  ib.  cxlviii.  294  ;  clxx. 
176 ;  Heusser,  Fogg.  Ann.  Ixxxviii.  121 ;  Landrin,  Compt.  Rend.  Ixxxvi.  1336. 
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The  citrates  of  sodium  and  ammonmm  also  dissolve  easily 
and  crystallize  well. 

Normal  Calcium  Citrate,  {C^Jd.^fldi^  +  4H2O.  When  a 
solution  of  normal  sodium  citrate  is  decomposed  by  the  addition 
of  calcium  chloride  solution,  a  thick  white  precipitate  is  quickly 
formed,  which  becomes  crystalline  by  boiling.  "When  one  of  the 
solutions  is  in  excess,  or  if  the  liquids  are  very  dilute,  the  pre- 
cipitate is  formed  only  on  boiling.  A  solution  of  citric  acid  when 
treated  with  an  excess  of  lime-water  yields  a  precipitate  only  on 
heating,  and  this  in  part  redissolves  on  cooling,  as  it  is  more 
soluble  in  cold  than  in  hot  water.  According  to  Warrington, 
one  part  of  the  crystalline  salt  dissolves  at  14°  in  1180,  and  at 
90''  in  1730  parts  of  water.^  The  amorphous  salt  is  more  easily 
soluble,  a  fact  already  observed  by  Liebig. 

Calcium  citrate  dissolves  readily  in  acids,  even  in  acetic  acid. 
If  ammonia  be  added  to  this  solution,  the  salt  separates  out 
again  slowly  but  completely  in  the  cold  (Warrington),  whilst  on 
heating  the  precipitate  makes  its  appearance  at  once. 

Acid  Ccdcium  Citrate,  CgHgO^Ca  +  HgO,  is  obtained  in  glisten- 
ing plates,  when  a  solution  of  the  normal  salt  in  citric  acid  is 
evaporated.     It  is  decomposed  by  water. 

Normcd  Barmm  Citrcde,  {G^fi^)^d..^.  When  baryta-water 
is  added  to  a  solution  of  citric  acid,  or  barium  chloride  to  a  solu- 
tion of  a  normal  citrate,  an  amorphous  precipitate  is  formed 
which  is  somewhat  soluble  in  water  and  has  the  composition 
{C(^fi>j).^Vi^  ~\-  THgO.  The  same  salt  is  obtained  when  barium 
acetate  is  used  ;  but  when  this  is  added  in  excess  and  the 
mixture  heated  in  a  covered  vessel  on  the  water-bath,  the  pre- 
cipitate after  some  hours  becomes  dense  and  crystalline,  and  has 
then  the  formula  ^{Gfifi^)^'Ed,^  -{-  TH^O.  This  consists  of 
microscopic  glisteuing,  clino-rhombic  prisms,  the  form  of  which 
is  so  characteristic  that  this  reaction  serves  for  the  detec- 
tion of  citric  acid  iu  fruit,  juices,  &c.  The  solution  must  not, 
however,  be  too  dilute,  as  in  this  case  it  yields  on  heating  the 
salt  {G^^O>j)^Q.^  +  SHgO,  which  separates  in  needles.^ 

Nonnal  Magnesium  Citrate,  (CgH507)2Mg3  +  I4H2O,  is  ob- 
tained in  crystalline  crusts  when  a  solution  of  citric  acid  not  quite 
saturated  with  magnesia  is  evaporated  at  50°.  It  is  readily  soluble 
in  water,  and  has  a  much  less  unpleasant  taste  than  Epsom  salts,^ 

1  Joiirn,  Chem.  Soc.  1875,  939. 

^  Kammerer,'  Frescnias'  Zcitsch.  viii.  298. 

8  Ann.  Chim.  Phys.  [5],  xxv.  233. 
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and  hence  it  is  used  as  a  mild  purgative.  A  mixture  of  this 
salt  with  acid  sodium  carbonate,  citric  acid  and  sugar,  which  has 
been  rendered  granular  by  moistening  with  alcohol  and  redrying, 
forms  the  Magnesia  citrica  effcrvescens  of  the  Pharmacopoeia. 

Ferric  Citrate,  {G^^O^)^e^  +  BH^O,  is  obtained  by  dissolving 
freshly  precipitated  ferric  hydroxide  in  citric  acid,  and  gently 
evaporating  the  solution  to  the  consistency  of  a  syrup.  It  dries 
up  to  an  amorphous  mass  usually  consisting  of  thin  hyacinth- 
red  scales,  is  readily  soluble  in  water,  has  a  slight  taste  of  iron, 
and  is  used  in  medicine.  The  similar  hydrated  double  salt, 
(CQH507)3Fe2(NH4)3,  is  also  officinal. 

When  ferric  hydroxide  is  dissolved  in  the  right  proportion  in 
a  solution  of  ammonium  citrate,  and  this  then  evaporated,  reddish 
brown  crystals  are  obtained  of  the  salt,  \0^fi^(^]^^^^Q^{0'H.)^ 
+  4H2O.  If,  however,  the  ferric  hydroxide  be  added  in  excess, 
amorphous  scales  are  formed.  Landrin  has  proposed  the  use  of 
the  crystalline  salt  for  medicinal  purposes,  as  the  iron  citrate  of 
commerce  contains  a  very  variable  quantity  of  iron.  He  has 
also  prepared  a  series  of  double  salts  with  other  metals.^ 

Silver  Citrate,  CgHgO^Agg,  is  a  white  precipitate  which, 
gradually  becomes  crystalline,  and  on  boiling  with  water  decom- 
poses with  separation  of  silver.  When  heated  in  a  stream  of 
hydrogen  to  100°,  it  decomposes  with  separation  of  water  into 
citric  acid  and  argenious  citrate,  2Q^^0^{A.'^..^.^  +  HgO,  a  brown 
powder,  which  dissolves  slowly  in  water  \\ith  a  red  colour, 
and  is  decomposed  by  potash  solution  with  separation  of  silver 
tetrantoxide  (Vol.  II.,  Part  I.,  367).^ 

Silver  citrate  dissolves  in  boiling  citric  acid,  and  on  cooling 
the  acid  salt,.  CgHgO^Agg,  crystallizes  out  in  rhombic  tablets.^ 

769  Reactions  of  Citric  Acid.  This  acid  is  distinguished  from 
tartaric  acid  by  being  optically  inactive,  and  by  not  giving,  on 
heating,  the  smeU  of  burnt  sugar,  but  yielding  a  vapour  having 
a  penetrating  odour.  Moreover,  when  lime-water  is  added  in 
excess  to  its  aqueous  solution  a  precipitate  is  formed  only  when 
the  solution  is  boiled,  whilst  tartaric  acid  produces  a  precipitate 
in  the  cold,  and  malonic  acid  gives  no  precipitate  under  these 
circumstances.  Calcium  citrate  is  insoluble  in  caustic  alkalis 
whilst  the  tartrate  readily  dissolves  (p.  225).  The  barium  salt 
is  also   characteristic  of  citric  acid    (p.   434).      When  1  part 

1  Ann.  Chim.  Phys.  [5],  xxv.  233. 

2  Wohler,  Ann.  Chem.  Pharm.  xxx.  2. 

3  EonnefahTt,  Jahresb.  1876,  562. 
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of  citric  acid  is  heated  with  6  parts  of  ammonia  for  six 
hours  in  a  closed  tube  to  110° — 120°  and  then  poured  into  a 
shallow  vessel  and  exposed  to  light,  it  becomes  coloured  blue  in 
a  few  hours,  and  after  some  days  this  changes  to  green.^  Citric 
acid  is  frequently  adulterated  with  tartaric  acid.  In  order  to 
detect  such  an  adulteration  the  concentrated  solution  is  heated 
with  potassium  acetate,  an  equal  volume  of  strong  alcohol  added, 
and  the  mixture  well  stirred,  when,  if  tartaric  acid  is  present, 
cream  of  tartar  soon  separates  out.^  If  a  quantitive  determina- 
tion be  required,  twice  the  volume  of  alcohol  of  95  per  cent,  is 
added,  the  precipitate  filtered  off  after  an  hour's  standing,  and 
this  then  washed  with  a  mixture  of  water  and  twice  its  volume 
of  alcohol.  The  filtrate  is  precipitated  with  lead  acetate,  and 
the  precipitate  after  washing  with  50  per  cent,  alcohol  is  decora- 
posed  by  sulphuretted  hydrogen.  The  citric  acid  can  then  be 
titrated  with  standard  soda,^  or  it  may  be  converted  into  the 
barium  salt  and  this  analysed.^ 

Ethereal  Salts  of  Citric  Acid. 

770  Normal  Methyl  Citrate,  CgH^07(CH3),  is  obtained  when 
hydrochloric  acid  is  led  into  a  solution  of  citric  acid  in  methyl 
alcohol,  the  solution  being  warmed.^  It  forms  triclinic  crystals 
which  melt  at  78°-5— 79°,  and  it  boils  at  270°— 273°  with  partial 
decomposition  into  water  and  methyl  aconitate.  When  heated  with 
acetyl  chloride,  methyl  acetocitrate,  C3H^(OC2H30)(C02.CH3)3,  is 
obtained,  a  colourless  hquid  boiling  at  280° — 282°.  When  phos- 
phorus pentachloride  acts  on  methyl  citrate,  this  is  transformed 
into  methyl  chlortricarhallylatey  C3lI^Cl(C02CH3)3,  a  thick,  oily 
liquid,  which  on  heating  splits  up  into  hydrochloric  acid  and 
methyl  aconitate.® 

Dimethyl  Citric  Acid,  G^fi^(GYL^)^,  and  Methyl  Citric  Acid, 
G^,jO^{Q'S^,  are  also  formed  in  the  preparation  of  the  normal 
salt,  and  are  likewise  produced  by  the  action  of  citric  acid  on 
methyl  alcohol,  but  as  yet  they  have  not  been  prepared  pure. 
The  calcium  salt  of  the  first  is  soluble  in  alcohol ;  whilst  that 
of  the  second  acid  does  not  dissolve  in  this  menstruum.^ 

^  Sahanin  and  Laskowsky,  Fresenius'  Zeitsch,  xvii.  74. 

2  Spiller,  Journ.  Chem.  Soc.  x.  110. 

3  Fleischer,  Fresenius'  Zcifscli,  xiii.  328. 

4  Creuse,  Jahresh.  1873,  970. 

^  St.  Evre,  Compt.  Rend.  xxi.  1441. 

^  Hunaeus,  Ber.  Dcntsch.  Glvm.  (^<',<t.  ix.  1749. 

7    Demondesir,  Cor>  pt  Iknd,  xxxiii.  227. 
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Normal  Ethyl  Citrate,  €011507(02115)3,  was  obtained  by 
Th&ard  ■'■  and  jMalaguti  ^  by  heating  citric  acid  with  alcohol  and 
sulphuric  acid.  It  is  better  prepared  by  saturating  a  solution 
of  citric  acid  in  alcohol  with  hydrochloric  acid.^  It  is  a  thick 
odourless  liquid,  boiling  at  283°,  and  possessing  a  very  bitter 
taste.  When  treated  with  sodium  amalgam  and  a  little  water, 
salts  are  produced  of  diethylcitric  acid  and  ethylcitric  acid 
(Claus).  Heated  with  alcoholic  ammonia  in  a  closed  vessel,  a 
deep  green  or  blue  solution  is  obtained.^ 

Ethyl  Acetocitrafe,  C3H4(OC2H30)(C02.C2H5)3,  is  obtained  by 
the  action  of  acetyl  chloride  on  the  normal  salt,  and  is  an  oily 
liquid,  Avhich  for  the  most  part  distils  without  change  at  288°.^ 

Tetraethyl  Citrate,  C3H4(O02H5)(CO2.C2H5)3,  is  obtained  by 
the  action  of  sodium  and  ethyl  iodide  on  the  normal  salt.  It 
is  an  oily  liquid,  having  a  pleasant  smell  and  a  slightly  bitter 
taste.  Under  ordinary  pressure  it  boils  at  290°  with  consider- 
able decomposition,  but  it  boils  without  alteration  at  a  reduced 
pressure.  ^ 

Nitroxycitric  Acid,  C3H^(X03)(C02H)3,  is  formed  when  anhy- 
drous citric  acid  is  introduced  into  a  mixture  of  I  part  of 
fuming  nitric  acid  and  t^\■o  parts  of  sulphuric  acid.  It  forms 
ciystals  which  are  readily  soluble  in  water.  On  evaporating 
the  solution,  even  in  a  vacuum,  decomposition  takes  place.^ 


AcoNiTic  Acid,  CgHgOg. 

771  This  acid  was  discovered  in  1820  by  Peschier  ^  in  ^com^^im 
Napelhcs  and  A.  paniculatum,  and  was  then  further  examined 
by  Buckner^  and  Dahlstrom.^*'  In  1828  Braconnot  found  in 
Equisetiim  flaviale,  E.  hyemale,  etc.  an  acid  to  which  the  name 
of  equisetic  acid  was  given,^^  and  this  according  to  Eegnault,  who 
prepared  the  acid  from  E.  limosum,  is  identical  with  maleic  acid.^'^ 


^  Mem.  Soc.  d'Arcueil,  ii.  12.  "  Ann.  Chim.  Phys.  Ixiii.  197. 

"  Heldt,  Ann,  Chem.  Pharm.  xlvii.   195  ;  Pebal,  ih.  xcviii.  67;  Claus,  Ber. 
mtsck.  Chem.  Ges.  viii.  867  ;  Conen,ib.  xii.  1653. 
^  Kammerer,  Ber.  Deut^ch.  Qhcm.  Ges.  viii.  732. 

Wislicenus,  Ann.  Chem.  Phavm.  cxxix.  192. 

Conen,  Ber,  Deutsch.  Chem.  Ges,  xii.  1654. 
g  Champion  and  Pellet,  Bidl.  Soc.  Chim.  [2],  xxiv.  448. 

Trommsdorff,  Neu  Jonrn.  Pharm.  v.,  1,  93  ;  viii.  1,  266. 

Bevert.  Pharm.  Ixiii,  145.  ^«  Ann,  Chim.  Phys.  (3)  xxx.  312. 

^1  Ann,  Chim.  Phys.  [2],  xxxix,  5.  i"   Tb.  [2],  Ixii,  208. 
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Baup  ^  then  obtained  citridic  acid  by  heating  citric  acid,  and 
this  was  considered  by  Berzehus  to  be  identical  also  with 
aconitic  acid,  tlie  correctness  of  this  view  beicg  afterwards 
ascertained  by  Crasso.^  The  identity  of  equisetic  acid  and 
aconitic  acid  was  afterwards  established  by  Baup  ^  and 
Dessaignes.^ 

Besides  its  occurrence  in  the  above-named  plants,  aconitic 
acid  is  also  found  in  Beljjhinium  consolida,^  Adonis  vernalis,^ 
Achillea  millefolia^'^  in  the  beetroot,^  in  ordinary  sugar-cane,^ 
and  in  Sorghum  sugar-cane.  ■'■'^ 

Frepffraiion.  Aconitic  acid  is  best  prepared  from  citric  acid. 
For  this  pui^pose  the  acid  is  heated  in  quantities  of  100  grams 
in  small  flasks  until  the  exit  tubes  (which  are  about  0"5  m.  loDg) 
are  covered  with  oily  drops.  The  fused  contents  of  the  flasks  are 
then  poured  into  a  shallow  basin,  and  15  grams  of  water 
added  for  every  100  grams  of  acid  taken.  The  basin  is  heated  on 
the  water-bath  until  the  residue  solidifies  on  cooling;  this  is  then 
powdered  and  treated  with  ether  free  from  water  and  alcohol, 
when  most  of  the  unaltered  citric  acid  remains  behind.  Aconitic 
acid  is  obtained  from  the  solution  by  evaporating  off  the  ether, 
and  it  is  then  purified  by  recrystallization.^^  Another  method  is 
to  pass  hydrochloric  acid  for  a  day  through  citric  acid  heated 
to  140°,  the  product  being  then  treated  as  above.-^^ 

ProiJcrtics.  Aconitic  acid  dissolves  readily  in  water  and  is 
still  more  easily  soluble  in  alcohol.  It  crystallizes  in  small 
four-sided  plates,  which  melt  at  186° — 187°  with  decomposition 
(Behr).  As  already  stated,  it  combines  with  hydrogen  to  form 
tricarballylic  acid  (p.  428),  whilst  with  hypochlorous  acid  it  yields 
chlorcitric  acid,  C3H^C1(0H)(C02H)3,  a  syrup  which  on  heating 
with  water,  or  more  readily  with  milk  of  lime,  is  transformed 
into  oxycitric  acid,  C3H^(OH)2(C02H)3 ;  this  latter  is  a  viscous 
deliquescent  mass,  the  calcium  salt  of  which  is  a  difficultly 
soluble  crystalline  powder  (Pawolleck). 

Aconitic  acid  is  a  strono;  tribasic  acid.  Its  salts  have  been 
examined   by   Baiip,    Buchner,   and    Guiuochet.^^      It    is    dis- 

^  Anyi.  C'hcm.  P/iarm.  xis.  29  ;  xxix.  169.  ^  lb.  xxxiv.  5Q. 

3  lb.  Ixxvii.  293.  *  Compt.  Rend.  xxx.  432. 

^  Wicke,  Ann.  Chem.  Pharm.  xc.  98. 

''  Linderos,  Aim.  Chem.  Pkarm.  clxxxii.  365. 

^  Hlasiwetz,  Jahresb.  1857,  331. 

^  Lippmann,  Ber.  Deiitach.  Chem.  Ges.  xii.  1650, 

^  Behr,  ib.  x.  351.  ^°  Ber.  Deutsch.  Chem.  Ges.  xv.  1763, 

^^  Pawolleck,  A'un.  Chem.  Pharm.  clxxviii.  153. 

^-  Huiifieiis,  Ber.  BeuUch.  Chem.  Ges.  ix.  1751. 

^^  Compt.  Rmd.  xciv.  455. 
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tinguished  from  citric  acid  by  its  ready  solubility  in  ether,  and 
also  in  that  on  treating  with  an  excess  of  lime-water  and  boiling 
it  yields  no  precipitate ;  calcmm  aconitate,  (CgH3O0)2Ca3  +  GHgO, 
forming  small  crystals  soluble  at  15°  in  99  parts  of  water. 

Ethyl  Aconitatey  0^11300(0.3115)3,  is  obtained  by  the  action  of 
hydrochloric  acid  on  an  alcoholic  solution  of  the  acid,  and  forms 
an  oily  liquid  having  an  aromatic  smell,  and  boiling  at  275°.^ 
This  compound  is  also  produced  when  normal  ethyl  citrate  is 
heated  with  phosphorus  trichloride,^  this  formation  correspond- 
ing exactly  to  the  conversion  of  the  ethereal  salt  of  a 
monobasic  oxyacid  into  one  of  the  acrylic  acid  series  (p.  401). 


Pyrocitric  Acids,  CgHgO^. 

772  By  the  dry  distillation  of  citric  acid,  Lassaigne  in  1822 
obtained  a  new  acid  which  he  termed  acide  pyrocitriq^ce.^  Baup 
then  found  that  the  distillate  contains  a  second  isomeric  acid, 
and  to  this  he  gave  the  name  of  acide  citricique,  whilst  he 
designated  Lassaigne's  acid  (being  the  first  discovered)  as  acide 
citribique,  and  to  a  third  acid,  contained  in  the  residue,  the  name 
acide  citridique  (p.  438)  was  applied.* 

The  existence  of  Baup  s  volatile  acid  was  questioned  by 
Liebig,^  but  Crasso,  who  made  this  matter  the  subject  of  a  new 
investigation,  found  that  these  three  acids  are  in  fact  formed 
when  citric  acid' is  heated.  He  determined  the  conditions 
under  which  the  formation  of  these  acids  takes  place,  and 
showed  that  the  third  acid  is  first  formed,  and  that  it  is  identical 
with  aconitic  acid.  By  the  dry  distillation  of  this  he  obtained 
Baiip's  new  acid,  for  which  he  proposed  the  name  pyroaconitic  acid, 
01  itaconic  acid,  which  latter  name  is  formed  from  that  of  aconitic 
acid  by  a  transposition  of  its  constituent  letters.  By  heatmg 
this  latter  acid  he  obtained  Lassaigne's  acid,  and  this  he  termed 
citmconic  acid.^  This  last,  as  Gottlieb  has  shown,  is  trans- 
formed by  boiling  with  dilute  nitric  acid  into  a  new  isomeric 
acid,  which  he  termed  mesaconic  acid  J 

Each  of  these  three  acids  on  treatment  with  sodium  amalgam 
yields  pyrotartaric  acid  (p.  253),  but  when  united  with  bromine 

^  Mercadante,  Joicm.  Prakt.  Chem.  [2],  iii.  356. 

2  Conen,  Ber.  Deutsch.  Chem,  Ges.  xii.  1655. 

^  Ann.  Ohim.  Phys.  xxi.  100.  .  -ion 

*  Ann.  Chem.  Pharm.  xix.  29  ;  xxix.  160.  -i^-  ^       •-.  "^o 

«  Ann.  Chem.  Pharm.  xxxiv.  53.  '  ^^-  1^^"^"  ^^S- 
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they  form  three  different  dibrompyrotartaric  acids.^  With 
hydrobromic  acid,  on  the  other  hand,  the  two  last  acids  give  one 
and  the  same  monobrompyrotartaric  acid,  whilst  itaconic  acid 
yields  one  different  from  these.^ 

773  Itaconic  Acid.  When  citric  acid  is  heated  it  splits  up, 
as  has  already  been  described,  yielding  water  and  aconitic  acid. 
This  latter  acid  on  heating  to  200° — 220°  gives  a  distillate  which 
separates  into  two  layers,  the  one  heavy  and  oily  and  the  other 
hghter  and  aqueous.  When  these  are  mixed,  heat  is  evolved 
and  a  crystalline  mass  is  formed,  saturated  with  an  oily  liquid. 
The  crystals  consist  of  itaconic  acid,  whilst  the  oily  liquid  is 
citraconic  anhydride.^  Their  formation  is  explained  as  follows. 
The  aconitic  acid  decomposes  in  the  first  place  (probably  with 
a  preliminary  transformation  into  anhydride)  into  water,  carbon 
dioxide,  and  the  anhydride  of  itaconic  acid : 

This  last  is  transformed  on  distillation  in  part  into  citraconic 
anhydride,  which  combines  with  water  but  slowly  in  the  cold, 
whilst  itaconic  anhydride  is  readily  converted  into  the  acid  by 
contact  with  water.  The  distillate  also  contains  a  considerable 
quantity  of  acetone,  which  is  formed  from  the  citric  acid 
accordiug  to  the  following  equation  : 

CH2.CO2H  CH3 

I  I 

C(OH).CO.OH    =    CO     +    H^O     +    CO    +    2C0,. 

CH2.CO2H  CH3 

Itaconic  acid  is  also  produced  when  aconitic  acid  is  heated 
Tvith  water  to  180°,^  or  when  citric  acid  is  heated  to  160°  with 
pure  water  or  water  acidulated  with  sulphuric  acid.^  It  is,  how- 
ever, best  obtained  from  citraconic  anhydride,  the  preparation  of 
which  will  be  described '  later.  The  anhydride  is  heated  in  a 
■closed  tube  with  twice  or  thrice  its  volume  of  water  for  six  to 
eight  hours  to  a  temperature  of  150°,  the  itaconic  acid  is  allowed 
to  crystallize  out  from  the  solution  placed  for  this  purpose  in 

^  Eekule,  Ann.  Chem,  Pharm.  Suppl.  i.  338  ;  ii.  94. 

2  Fittig  and  Landolt,  Ann.  Chem.  Phann.  clxxxviii.  71. 

^  Anschiltz,  Per.  Deutsch.  Chem.  Oes.  xiii.  1541. 

^  Pebal,  Ann.  Chem.  Pharm.  xcviii.  94. 

^  Markownikow  and  Purgold,  Zeitsch.  Chem.  1867,  264. 
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shallow  vessels,  and  when  the  mother-liquor  will  yield  no  more 
crystals,  it  is  again  treated  with  water  as  already  described.^ 

Itaconic  acid  crystallizes  in  rhombic  pyramids  or  tables,  which 
melt  at  161°  and  dissolve  at  20""  in  12  parts  of  water.  It 
dissolves  more  easily  in  alcohol  and  is  also  soluble  in  ether.  By 
electrolysis  of  its  calcium  salt  it  is  decomposed  into  hydrogen, 
carbon  dioxide,  and  iso-allylene,  in  addition  to  acrylic  acid  and 
mesaconic  acid  which  also  are  formed.^ 

774  Itaconic  Andydridc^Q^^O^,  is  obtained,  as  has  already  been 
stated,  as  a  product  of  the  distillation  of  citric  acid,  and  it  is  also 
formed  when  itaconic  acid  is  warmed  with  acetyl  chloride.  It 
crystallizes  from  glacial  acetic  acid  in  transparent  prisms,  which 
melt  at  68°.  Under  a  diminished  pressure  of  30  mm.  it  boils  at 
139° — 140°,  the  boiling  point  of  citraconic  anhydride  being 
lower  than  this.  On  distillation  under  ordinary  pressure  itaconic 
anhydride  is  transformed  into  the  last-named  compound. ^  That 
this  decomposition  is  not  completely  effected  in  the  distillation 
of  citric  acid  is  explained  by  the  fact  that  by  means  of  the 
carbon  dioxide,  which  is  evolved  in  large  quantity,  it  is  carried 
over  before  it  attains  the  temperature  necessary  for  its  decom- 
position. This  also  explains  the  observation  of  Crasso,  that  the 
yield  of  itaconic  acid  is  the  larger  according  as  the  distillation 
of  the  citric  acid  is  the  more  rapidly  conducted  and  as  the  retort 
is  the  more  protected  from  the  heat.* 

ItachlorpyrotartaTic  Acid,  C^HyClO^,  is  formed  by  heat- 
ing itaconic  acid  with  fuming  hydrochloric  acid  to  130°.  It 
crystallizes  from  water  in  warty  masses,  which  melt  at 
140° — 145°,  and  on  heating  to  150°  in  a  stream  of  dry  air  it  is 
converted  into  the  anhydride.  When  heated  with  water,  hydro- 
chloric acid  is  given  off  and  the  first  product  is  paraconic  acid, 
^5^6^p  which  is  also  obtained  by  the  action  of  silver  oxide, 
and  is  a  crystalline  mass  melting  at  70°,  and  yielding  citraconic 
anhydride  on  distillation.  Together  with  this,  itamalic  acid, 
^5^7(011)0^,  an  homologue  of  malic  acid,  is  always  formed 
The  alkalis  and  alkaline-earths  effect  this  change  much  more 
quickly,  whilst  ammonia  splits  up  the  chlorinated  acid  into 
hydrochloric  and  mesaconic  acids.^ 

^  ^  Willm,  Ann.  Chem.  Pharm.   cxli.  28  ;  Aaiiand,  Joum,  Prakt.  Chevi.  [2], 
VI.  262;  Fittigand  Landolt,  Ajin.  Cliem.  Pharm.  clxxxviii.  71. 
^  Swarts,  Zeitsch.  Chem,  186G,  721. 

^  Anschiitz  and  Petri,  Bcr.  Deutsch.  Chem.  Ges.  xiii.  1539. 
*  Anschiitz,  Ber.  Deutsch.  Chem,  Ges.  xiii.  1541. 
Swarts,  Zeitsch.  Chem.  1866,  721. 
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Italrompyrotariaric  Acid,  CgH^BrO^,  is  obtained  by  heating 
itaconic  acid  with  hydrobromic  acid  (Swarts),  or  by  allowing  it 
to  stand  for  some  days  in  contact  with  hydrobromic  acid 
saturated  at  0°,  and  shaking  the  mixture  from  time  to  time,  ^  It 
is  readily  soluble  in  water  and  forms  small,  monoclinic  crystals, 
which  melt  at  137°.  When  heated  for  some  hours  with  water, 
itamalic  acid  is  formed,  whilst  at  the  same  time  a  portion  is 
reconverted  into  itaconic  acid.  The  same  products  are  quickly 
obtained  when  sodium  carbonate  or  calcium  carbonate  is  added. 

Itamalic  Acid,  C^HgOg,  crystallizes  in  long  very  deliquescent 
needles,  which  melt  at  64°,  and  on  distillation  it  decomposes 
into  water  and  itaconic  acid  or  citraconic  anhydride.^ 

Chloritamalic  Acid,  C5H7CIO5,  is  obtained  by  acting  with 
chlorine  on  a  solution  of  itaconic  acid  ^  or  of  its  sodium  salt,* 
and  forms  glistening  monoclinic  crystals  which  dissolve  readily 
in  water. 

775  ItadihrompjrotaTtaric  Acid,  C^HgBrgO^,  is  formed  by  the 
direct  union  of  bromine  and  itaconic  acid  and  crystallizes  in 
crusts  readily  soluble  in  water.^  When  boiled  with  water  and 
an  excess  of  sodium  carbonate,  the  sodium  salt  of  aconic  acid, 
CgH^O^  is  obtained,  which  crystallizes  in  tiiin  plates.  If  this 
be  then  decomposed  with  dilute  sulphuric  acid  and  extracted 
with  ether,  the  acid  is  obtained  after  evaporation  of  the  ether 
in  characteristic  tufts  of  long  plates  having  a  satiny  lustre.  It 
separates  from  water  in  ghstening  rhombic  crystals,  which  melt 
at  16i°.  It  is  a  monobasic  acid,  but  on  boiling  with  baryta- 
water,  the  barium  salt  is  obtained  of  the  liquid  dibasic  acid 
oxyitaconic  acid,  C^HgOg,  a  compound  which  has  not  been  fur- 
ther examined.  By  the  continued  action  of  baryta-water  the 
acid  is  split  up  into  formic  and  succinic  acids.  Aconic  acid  is 
not  attacked  by  acetic  anhydride.®  It  does  not  combine  with 
bromine  at  the  ordinary  temperature  and  it  is  decomposed  when 
heated  with  bromine.'^  The  constitution  of  this  compound  and 
of  the  others  belonging  to  this  group  will  be  discussed  hereafter. 

Itatartaric  Acid,  Q^Q{OH)fi^,  is  produced  by  acting  with 
silver  oxide  on  a  solution  of  itadibrompyrotartaric  acid,^  or  by 

^  Fittig  and  Landolt,  Ann.  Chem.  Fliarvi.  clxxxviii.  71. 

^  Swarts,  Zeitsch.  Chein.  1867,  648  ;  Fittig  and  Landolt,  loc,  ctt, 

3  Swarts,  Jahresh.  1873,  583. 

^  Morawski,  Journ.  Prakt.  Chem.  [2],  vii.  158. 

^  Kekule,  Ann.  Chem.  Fharm.  Suppl.  i.  339. 

«  Meilly,  Ann,  GJiem.  Fharm.  clxxi.  153. 

7  ■Wichelhaus,  ib.  clxxi.  182. 

^  Kekiile,  Ann.  Chem.  Fharm,  Suppl.  i.  3ilS, 
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boiling  chlor-itamalic  acid  "with  caustic  lime.^  It  forms  a  glassy 
deliquescent  mass,  but  many  of  its  salts  crystallize  well.  The 
calcium  salt  2C5HgOgCa  +  H^O,  is  a  difficultly  soluble  crystalline 
precipitate. 

776  Citraconic  Acid,  CgHgO^.  To  prepare  this,  about  100 
grams  of  citric  acid  are  subjected  to  dry  distillation ;  from  the 
distillate  the  citraconic  anhydride  formed  is  separated  by 
repeated  acid  rectification,  and  this  in  contact  with  water 
gradually  combines  to  form  the  acid.^ 

Citraconic  acid  forms  monoclinic  deliquescent  prisms  which 
dissolve  at  the  ordinary  temperature  in  less  than  half  their 
weight  of  water.  On  distillation,  the  acid  decomposes  again 
into  water  and  the  anhydride,  but  it  volatilizes  with  moderate 
ease  in  a  current  of  steam  whilst  on  heating  with  water  to 
120°  it  is  transformed  into  itaconic  acid.  Its  potassium  salt 
yields  on  electrolysis  allylene,  together  with  but  little  acrylic  and 
mesaconic  acids  (Aarland). 

Citraconie  Anhydride,  €511^03,  is  a  colourless  heavy  liquid 
which  boils  at  213°— 214°. 

Gitrachlorpyrotartaric  Acid,  C^^H^CIO^,  separates  out  gradually 
when  citraconic  anhydride  and  fuming  hydrochloric  acid  are 
allowed  to  stand  together.  It  crystallizes  from  warm  water  in 
glistening  tables  or  plates  which  melt  at  129°.^  When  heated 
with  sodium  carbonate  solution  it  decomposes  into  hydrochloric 
acid,  carbon  dioxide,  and  methacrylic  acid,  C^HgOg  (p.  406). 

CitrabrompyTotartariG  Acid,  C^HyBrO^,  is  formed  by  the 
union  of  the  acid  or  its  anhydride  in  the  cold  with  fuming 
hydrobromic  acid,  and  forms  transparent  well-formed  crystals 
belonging  to  the  monoclinic  system,  which  melt  at  148°  (Fittig 
and  Landolt).  When  boiled  with  a  solution  of  carbonate  of 
soda  it  yields  methacrylic  acid,  and  when  its  silver  salt  is 
heated  with  water  to  130°  it  splits  up  into  carbon  dioxide,  silver 
bromide,  and  allylene.^ 

Citramalic  Acid,  Q^^{OW)0^,  is  obtained  by  the  action  of 
zinc  on  an  aqueous  solution  of  chlorcitramalic  acid,^  and  forms 
large  crystals  which  melt  at  119°,  and  on  distillation  split  up 
into  water  and  citraconic  anhydride.® 

^  Morawski,  Joum.  Frdkt.  Cliem.  [2],  xi.  450. 
^  Fittig  and  Landolt,  Ann.  Chem.  Fharm.  clxxxviii.  71. 

3  Swarts,  Zeitsch.  Chem.  1866,  724  ;  Kittig  and  Landolt,  Ann.  Chem.  Fharm. 
clxxxviii.  83.  *  Bourgoin,  BiUl  Soe.  Chvni.  xxviu.  459. 

5  Carius,  Ann.  Chem.  Fharm.  cxxix.  IPO 
^  Morawski,  Jahresb.  1878,  721. 
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Chlorcitramalic  Acid,  C5HqC1(OH)04,  is  produced  by  acting 
with  hypochlorous  acid  on  a  citraconate,^  or  by  leading  chlorine 
into  a  solution  of  citraconic  acid  or  its  sodium  salt.^  Mesaconic 
acid  also  is  transformed  in  this  way  into  chlorcitramalic  acid.^ 
It  dissolves  readily  in  water  and  forms  glisteniag  crystals 
which  melt  at  about  100°.  When  boiled  with  an  excess  of 
baryta-water  it  is  transformed  into  oxy  citraconic  acid, 
Q>^^(OY{)0^,  which  crystallizes  in  fine  prisms  and  unites  with 
hydrochloric  acid  at  100°  to  form  isochlorcitramalic  acid.  This 
forms  tables  which  melt  at  160",  and  is  probably  cUormesamalic 
acid. 

GitTatartariG  Acid,  €5114(011)204,  was  obtained  by  Carius  by 
mixing  barium  chlorcitramalate  with  baryta-water,  evaporating 
at  100,°  and  decomposing  the  residue  with  sulphuric  acid.  It 
is  also  formed  when  1  part  of  chlorcitramalic  acid  is  heated 
with  10  parts  of  water  to  100°  for  twelve  hours  (Morawski). 
On  evaporation  it  remains  as  a  syrup  which  gradually  becomes 
crystalline. 

CitradihrompyTotaTtaTic  Acid,  C^HgBrgO^.  Bromine  unites 
readily  with  citraconic  acid  in  the  cold  forming  this  acid,  which 
forms  fine  crystals  that  melt  at  150°  and  dissolve  easily  ]n 
water.  When  boiled  with  water,  or  with  sodium  carbonate 
solution,  it  splits  up  into  carbon  dioxide,  hydrobromic  acid, 
brommethacrylic  acid,  and  propionaldehyde.^ 

777  Mesaconic  Acid,  C^HgO^,  was  obtained  by  Gottlieb  by 
warming  citraconic  acid  with  dilute  nitric  acid,  and  he  also 
pointed  out  that  it  cannot  be  obtained  by  a  similar  treatment  of 
itaconic  acid.^  Its  salts  were  then  examined  by  Pebal.^  Baup 
also  examined  this  acid  and  termed  it  acide  citracartique  (from 
acide  citraconiqice  and  ars)J 

It  is  also  produced  when  citraconic  acid  is  warmed  with 
hydriodic  acid  (Kekule),  hydrochloric  acid  (Swarts),  or  hydro- 
bromic acid  (Fittig) ;  or  when  the  acid  or  itaconic  acid  is 
heated  with  water  to  180° — 200°.^  For  its  preparation  a 
mixture  of  2  parts  of  citraconic  anhydride,  2  parts  of  water, 
and  3  parts  of  nitric  acid  of  sp.  gr.  1"074  is  evaporated  until 


^  Carius,  Ann.  Chem.  Pharm.  cxxvi.  201 ;  cxxix.  164. 

2  Gottlieb,  ib.  clx.  101. 

3  Morawski,  Joitrn.  Prakt.  Chem.  [2],  x.  79  ;  xi.  466. 

4  Fittig  and  Krusemark,  Ann.  Che^n.  Pharm.  cuvi.  1. 

s  Ann.  Chem.  Pharm.  Ixxvii.  268-  ^  Ih.  Ixxviii.  129. 

7  Ann.  Ohim.  Phys.  [3],  xxxiii.  192. 

8  Swarts,  Jahrcsh.  J  873,  579. 
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red  fumes  are  evolved,   and  the  acid  which   separates  out   on 
cooling  is  re-crystallized  from  hot  water  (Fittig  and  Landolt). 

Mesaconic  acid  crystallizes  from  water  in  fine  needles  and  from 
alcohol  in  transparent  prisms;  it  melts  at  200°,  and  at  a  higher 
temperature  volatilizes,  without  forming  an  anhydride,  and  yields 
a  vapour  having  an  irritating  odour.  One  hundred  parts  of  water 
dissolve  2*7  parts  of  the  acid  at  18°,  and  117'9  parts  at  the 
boiling  point  (Pebal).  Its  potassium  salt  yields  on  electrolysis 
the  same  products  as  are  obtained  when  potassium  citraconate 
is  similarly  treated  (Aarland).  The  acid  unites  with  fuming 
hydrochloric  or  hydrobromic  acid  when  heated,  producing  the 
corresponding  derivatives  of  citraconic  acid  (Fittig  and  Landolt). 

Mcsadibromjpyrotartaric  Acid,  Q^^vSy^,  is  formed  by  the 
direct  union  of  bromine  with  mesaconic  acid,  heat  being 
required  to  effect  the  combination.  It  forms  warty  crystals,  and 
is  less  soluble  in  water  than  citradibrompyrotartaric  acid 
(Kekule,  Fittig,  and  Landolt).  "When  boiled  with  water  it 
decomposes  into  hydrobromic  acid  and  the  anhydride  of  brom- 
citraconic  acid,  whilst  at  the  same  time  some  propionaldehyde 
is  also  produced.  If,  however,  it  be  boiled  with  a  solution  of 
sodium  carbonate,  it  yields  the  same  products  as  citradibrom- 
pyrotartaric acid  does,  together  with  isobrom me th acrylic  acid 
(Fittig  and  Krusemark). 

778  The  Constitution  of  the  Pyrodtric  Acids.  When  the 
properties  of  citraconic  and  mesaconic  acids,  are  compared  with 
one  another,  it  is  evident  that  these  bodies  stand  in  the  same 
relation  to  one  another  as  fumaric  and  maleic  acids  do  ;  differing 
from  these  latter  by  containing  a  methyl  group  in  the  place  of  an 
atom  of  hydrogen.  Their  isomerism  therefore  may  be  explained 
by  a  difference  in  the  arrangement  of  their  atoms  in  the  mole- 
cule (p.  214),  or  the  supposition  of  Fittig  may  be  adopted,  that 
as  citraconic  acid  forms  additive  products  readily  in  the  cold,  it 
contains  free  combining  units,  whilst  in  mesaconic  acid  these  do 
not  exist,  thus  leading  to  the  following  formulae  ; 

Citraconic  Acid.  Mesaconic  Acid. 

CH3  CH3 

I  I 

CH.CO„H  C.CO^H 

I  II 

IZC.CO^H.  CH.GO2H. 

Itaconic    acid    is  distinguished  from    these   inasmuch    as    on 
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decomposition  it  yields  isoallylene  but  no  allylene,  and  con- 
sequently does  not  contain  a  metliyl  group.  Its  constitution 
wiU  therefore  be  represented  by  one  of  the  following  formulse : 


Itaconic  Acid. 


'JV, 


CH2  =CH 

II  I 

C.CO2H  CH.CO2H 

I 
CH2.CO2H.  CH2.CO2H. 

Of  these,  Fittig  considers  the  latter  to  be  the  more  probable 
formula,  as  itaconic  acid  forms  additive  products  as  readily  as 
does  citraconic  acid.  It  also  explains  in  a  simple  manner  tlie 
formation  of  monobasic  aconic  acid  from  itadibrompyrotartaric 
acid,  whilst  its  properties  of  not  combining  with  bromine  in  the 
cold  and  being  unattacked  by  acetyl  chloride  shows  that  it  con- 
tains no  alcoholic  hydroxy! .  Baryta- water  converts  it  into 
dibasic  oxyaconic  acid,  which  readily  decomposes  into  formic  and 
succinic  acids.  These  observations  lead  to  the  following  formulse :  ^ 

Itadibrompyrotartaric  Acid.     Oxyitaconic  Acid.  Aconic  Acid. 

CHBr^  CH.OH  CHg 

I  II  |[ 

CH.CO.OH  C.CO.OH  C.CO.OH 

I  I  I 

CH2.CO.OH.  CH2.CO.OH.  C.CO.OH. 

779  Crokiconic  Jcid,  CsH^^COgH)^.  This  acid,  isomeric  M'ibh 
pyrocitronic  acid,  is  prepared  from  /3-chlorcrotonic  acid.  The  ethyl 
salt  of  this  is  heated  with  potassium  cyanide  and  alcohol,  when 
potassmm  ^-cyancrotonate,  CH3.CHi::C(CN)C02K,  is  obtained, 
which  forms  small  hard  crystals  and  is  transformed  by  hydro- 
chloric acid  into  crotaconic  acid.  This  latter  exists  in  ill-defined, 
readily  soluble  crystals,  which  melt  at  119°  and  decompose  above 
130°  into  carbon  dioxide  and  cro tonic  acid  ^ : 

CH3.CH=C(C02H)2    =    CHs-CH^CH.CO^H    4-    CO,. 

Xeronic  Acid,  CgH^g^i-  ^^^  anhydride  is  formed  as  a  by- 
product in  the  preparation  of  citraconic  anhydride,  and  is  also 
obtained  in  smaller  quantity  on  distilling  this  substance,  also, 

^  Avn.  Chem.  Pharin.  clxxxviii   100. 

^  Clans  and  Wasowicz,  Ann,  Chem.  Pharm.  cxci.  33. 


XERONIC  ACID.  447 


and  ia  large  amount,  together  with  other  bodies,   when  it  is 
boiled  some  time : 

2C,HP3    +    H,0     =    C,TI,fi,    +    2C0,. 

It  is  a  peculiarly  smelling  liquid,  but  little  soluble  in  water, 
possessing  at  first  a  sweet  but  afterwards  a  bitter  taste,  and 
boiling  at  242*".  When  dissolved  in  ammonia,  and  calcium 
chloride  added,  a  crystalline  precipitate  is  formed  of  calcium 
xeronatCy  OgH^jjO^Ca  +  HgO,  and  this  when  treated  with  hydro- 
chloric acid  does  not  yield  xeronic  acid,  but  is  transformed 
again  into  the  anhydride.  It  is  from  this  behaviour  that  the 
acid  derives  its  name  (^7]p6<;,  dry,  anhydrous). 

The  empirical  formula  of  xeronic  acid  shows  that  it  is  homo- 
logous with  citraconic  acid,  but  it  possesses  properties  very 
different  from  this,  inasmuch  as  it  does  not  combine  either  with 
nascent  hydrogen  or  with  bromine. 

On  oxidation  with  solution  of  chromic  a,cid  it  yields  propionic 
acid.    It  must  therefore  be  regarded  as  di-ethylfumaric  acid.^ 

Suherocarhoxylic  Acid,  or  Hcxenyl  Tricarboxylic  Acid, 
CgHj^(C02H)3.  By  passing  chlorine  into  fused  suberic  acid, 
monochlorsuheric  acid,  CgHi^Cl(C02H)2,  is  produced  as  a  syrupy 
liquid  readily  soluble  in  water  and  in  ether.  Tliis  is  transformed 
into  the  above  acid  when  heated  with  potassium  cyanide 
solution  and  then  boiled  with  potash.  It  forms  fine  glistening 
crystals.^    * 

^  Roser,  Ber.  Deutsch.  Chcm.  Ges.  xv.  2012. 
^  Bauer  and  Groger,  Monatsch.  Ckem.  i,  510. 
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780  A  general  method  for  the  preparation  of  this  series  of 
hydrocarbons  consists  in  heating  the  haloid  ethereal  salts  of  the 
dyad  alcohol  radicals  with  alcoholic  potash,  when  the  reaction 
takes  place  in  two  stages  : 


Ethylene  Bromide.  Bromethylene. 

CHgBr  CH„ 

I  +     KOH  =11         +     KBr     4-    B.p. 

CHjEr  CHBr. 


Acetylene. 
CH2  CH 

II  +     KOH     =         III        +     KBr     +     H2O. 

CHBr  CH 

These  hydrocarbons  may  be  arranged  in  three  classes  :  -^ 
(1)  Those  of  the  first  class  are  the  true  homologues  of  acetylene, 
and  contain,  like  it,  carbon  atoms  trebly  linked.     They  are  ob- 
tained from  the  dibromides  of  those  defines  whose  constitution 
admits  of  a  treble  linkage  of  the  carbon  atoms : 

Jlethylacetylene. 

CHq  CHq 

I  I 

CHBr     =     C         +     2HBr. 
OH^Br  CH 

Methyl-ethyl-acetylene. 

CH3.CHBr.CHBr.C2H5     =     CHa.C^C.CgH^     +     2HBr. 

They  are  also  obtained  from  the  dichlorides  formed  by  the 
action  of  phosphorus  pentachloride  on  the  aldehydes  ;  heptalde- 
hyde,  CgH^gCOH,  thus  yields  ;pentylacetylenej  CsH^iC^CH.     In 

^  Henry,  Bcr.  Dcuisch.  Chem.  Ges.  viii.  400. 
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the  same  way  they  are  produced  from  certain  ketones ;  thus 
methyl-ethyl-ketone  yields  ethyl  acetylene : 

C2H5.CO.CH3    -     C^H^.C^CH    +    Hp. 

The  hydrocarbons  of  this  class  may  also  be  obtained  from 
acetylene,  by  the  replacement  of  one  or  both  atoms  of  hydrogen 
by  alcohol  radicals. 

The  two  hydrogen  atoms  of  acetylene  may  readily  be 
replaced  by  certain  metals,  such  as  silver  and  copper,  and  its 
homologues  which  contain  the  group,  — C^CH,  possess  one 
hydrogen  atom  which  admits  of  similar  replacement.  These 
may,  therefore,  be  recognised  by  the  fact  that  in  ammoniacal 
solution  they  yield  a  precipitate  with  a  silver  salt  or  with 
cuprous  ,  chloride,  whilst  the  hydrocarbons  containing  two 
alcohol  radicals  do  not  do  so. 

(2)  The  hydrocarbons  of  the  second  class  contain  the  group 
— HC— CUCH — ,  and  are  derived  from  the  haloid  ethereal 
salts  of  defines,  or  from  those  obtained  from  ketones,  in  which 
a  treble  linkage  of  the  carbon  atoms  cannot  occur.  Thus 
amylene  bromide  yields  dimethyl-isoallylene : 


CHos 

>CBr.CHBr.CH3     = 

CH3/ 

CHos 

>C=C=CH2     +     2HBr. 
CH3/ 

And  the  chloride    obtained 

from  di-isopropyl    ketone   yields 

tetramethyl-allylene  : 

CH3V                           /CH3 

gr/              \ch3 

CH3.,                     /CH3 

\C=C=C<        +  2HC1. 
CH3/                 \CH3 

These  hydrocarbons  do  not  yield  any  metallic  compounds. 

(3)  The  members  of  the  third  class  contain  two  groups  of  doubly- 
Imked  carbon  atoms.  The  only  member  of  the  class  yet  known  is 
diallyl^  CqH^q,  obtained  by  the  action  of  sodium  on  allyl  iodide, 
and  having  the  constitution  CH2— CH.CH2.CH2.CH — CHg. 
This  also  does  not  contain  any  hydrogen  atom  replaceable  by 
metals. 

The  hydrocarbons  of  the  Cn  C2n-2  series  are  also  produced  by 
the  electrolysis  of  acids  of  the  series  Cn  H2n-404  ;  thus  fumaric 
acid  yields  acetylene : 

CH.CO.H  CH 

II  =      111        +     2C0,     4-     H^; 

CH.CO.H  CH 
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whilst  itaconic  acid  gives  isoallylenc : 


1  1 

1  1 

II 

C.CO^H     = 

II 

G        + 

1 1 

2CO2 

+    H^. 

CH,.C02H 

II 

They  are  also  found  amongst  the  products  of  the  dry  distillation 
of  various  organic  substances. 

These  hydrocarbons  unite  with  the  elements  of  the  chlorine 
group  to  form  two  classes  of  compounds,  the  first  class  being 
formed  by  the  addition  of  two  atoms  of  the  chlorous  element 
The  bodies  thus  obtained  belong  to  the  olefine  type,  and  they 
again  combine  with  two  more  atoms  of  the  halogen.  They 
behave  similarly  with  the  hydracids,  the  halogen  combining 
with  the  carbon  atom  poorest  in  hydrogen. 


ETHINE  COMPOUNDS. 

781  Acetylene,  or  Mhi)ie,C^lI^,was  first  examined  by  Edmund 
Davy,  who  obtained  it  by  the  action  of  water  on  the  greyish-brown 
mass  produced  by  heating  carbonized  tartar  and  charcoal  powder 
together  in  an  attemj)t  to  prepare  potassium.  He  described  the 
gas  as  a  new  hydrocarbon  which  he  called  klumene,  but  did  not 
submit  it  to  further  examination,  the  mass  from  which  it  was 
obtained  being  considered  by  him  to  be  a  carburet  of  potassium.^ 

These  observations  were  however  quite  forgotten  until  Berthe- 
lot  re-discovered  this  hydrocarbon  and  gave  to  it  the  name  of 
acetylene.2  He  obtained  it  by  passing  ethylene,  or  the  vapours 
of  wood-spirit,  alcohol,  ether,  &c.,  through  a  red-hot  tube. 
Berth  elot  also  observed  its  existence  in  coal-gas,  which,  how- 
ever, contains  only  about  0'06  per  cent.  He  found  further,  that 
it  is  produced  when  an  induction-spark  is  passed  through  marsh 
gas,  ethylene,  or  a  mixture  of  cyanogen  and  hydrogen,  and  also 
when  the  vapours  of  ether,  amylene,  and  other  volatile  carbon 
compounds  undergo  incomplete  combustion. 

Synthesis.  By  far  the  most  important  observation  made  by 
Berthelot  on  this  subject  is,  however,  the  synthesis  of  acetylene 

^  A7in,  Chem.  Pharm.  xxiii.  144. 

2  Ann.    Chim.  PhijS.  [3],  Ixvii,  52  ;  [4],  ix.  413  ;  xiii.  143  ;  Brit.  Assoc.  Pep. 
1836  (part  2),  pp.  62—64  ;  Thomson,  Records,  iv,  1836,  pp.  321—323. 
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which  he  effected  by  passing  a  powerful  electric  current  between 
two  carbon  poles  in  an  atmosphere  of  hydrogen.  The  apparatus 
which  he  employed  is  shown  in  Fig.  119.  The  glass  vessel  0 
is  closed  by  doubly-bored  corks  which  carry  glass  tubes,  the 
narrow  tubes  (t  t)  serving  for  conducting  hydrogen  to  and  from 
the  vessel,  whilst  through  the  wider  tubes  (T  T)  stout  copper 
rods  pass.  One  end  of  each  of  these  is  attached  to  poles  of 
purified  gas-carbon,  the  other  end  being  connected  with  a 
battery  of  50  Bunsen  elements.  The  acetylene  formed  by  the 
action  of  the  electric  arc,  mixed  with  hydrogen,  is  passed  into 
an  ammoniacal  solution  of  cuprous  chloride,  and  the  red  insoluble 
copper  compound  thus  obtained  (which  is  more  fully  described 
further  on),  is  then  treated  with  hydrochloric  acid,  when  acetylene 
is  liberated.^ 


Another  interesting  fact  respecting  the  formation  and  decom- 
position of  acetylene  has  been  recently  noted  by  Berthelot. 

In  the  combination  of  carbon  and  hydrogen  61,100  units 
of  heat  are  absorbed,  so  that  the  sudden  decomposition  of 
acetylene  should  cause  a  rise  of  temperature  amounting  to 
3000°.  But  this  sudden  decomposition  cannot  be  effected 
either  by  heat  or  by  means  of  the  electric  spark ;  it  can,  how- 
ever, easily  be  brought  about  by  exploding  by  the  spark  O'l 
grm.  of  fulminating  mercury  in  a  volume  of  about  20  to  2a 
cbc.  of  acetylene,  when  a  violent  detonation  occurs  and  the 
acetylene  is  suddenly  decomposed  into  finely  divided  carbon  and 
its  own  volume  of  hydrogen.^ 

Acetylene  is  likewise  produced  when  the  vapour  of  chloroform 
is  passed  over  red-hot  copper  (Berthelot),  or  when  chloroform  is 

1  Ann.  Chim.  Phys.  [3],  Ixvii.  52.     _ 

2  Berthelot,  Bull  Soc.  Chim,  xxxviii.  5. 
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heated  with  sodium.^      It  is  formed  also  in  the  electrolysis  of 
fumaric  and  maleic  acids.^ 

782  Frcparation.  For  its  preparation  ethylene  bromide  is 
allowed  to  drop  slowly  into  a  concentrated  boiling  solution  of 
caustic  potash  in  alcohol,  the  evolved  gas  being  passed  through 
a  second  similar  boiling  solution  in  order  to  free  it  from  brom- 
ethylene.^  AccordiDg  to  Zeisel,  the  above  treatment  does  not 
completely  remove  the  latter  compound,  but  this  may  be 
effected  by  passing  the  gas  over  moderately-heated  soda-lime.^ 


Fig.  120. 

Acetylene  is  moreover  formed  in  large  quantity  when  the 
vapour  of  ethylene  chloride  is  passed  over  heated  lime  or  soda- 
lime.^  It  is  also  produced  abundantly  in  the  incomplete  combus- 
tion of  cool-gas,  as  may  be  well  shown  when  the  flame  of  a  Bunsen- 
burner  "  burns  down."  ^  If  a  large  glass  globe  be  held  for  a  few 
minutes  over  the  burner  and  then  a  few  drops  of  cuprous 
chloride  poured  over  the  inner  surface  of  the  globe  a  dark  red 
film  is  formed  on  the  sides  of  the  vessel    To  prepare  the  copper 


1  Fittig,  Zeitsch,  Chem.  1866,  127.  ^  ^^^^  ^^^^^^   Pharm.  cxxxi.  85. 

Miasnikow,  Ann.  Chem.  Pharm.  cxviii.  330  ;  Sawitsch,  ib.  cxix.  184 ;  Sabane- 


jew,  ih.  clxxviii.  111. 

^  von  Wilde,  Ber.  Deutsch.  Chem.  Ges.  vii.  352 
6  Rieth,  Zeitsch.  Cliem.  1867,  598. 


*  lb.  cxci.  372. 
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compound  in  larger  quantity,  the  apparatus  shown  in  Fig.  120  is 
employed,  the  products  of  combustion  being  drawn  by  means  of 
an  aspirator  through  a  cylinder  containing  the  ammoniacal  copper 
solution.  Since,  however,  a  current  of  air  accompanies  the  acety- 
lene the  cuprous  oxide  soon  becomes  oxidized  and  the  formation 
of  the  red  compound  ceases.  A  richer  yield  of  this  latter 
compound  is  obtained  when  an  apparatus  is  used  similar  to  that 
described  by  Eerthelot.^  The  burner,  A  A  (Fig,  121),  is  connected 
with  the  brass  tube,  B  B  B,  the  downward  bent  portion  of  which 
is  cooled  in  order  to  condense  the  water.  This  collects  in  F, 
whilst  the  gas  is  drawn  through  the  cuprous  solution  by  means 
of  the  aspiration  of  the  Bunsen-pump.    The  stop-cock,  U,  serves 


Fig.  121. 


to  regulate  the  stream  of  gas,  so  that  neither  coal-gas  nor  air  is 
in  excess.  This  apparatus  may  be  kept  at  work  for  many  days ; 
every  morning  the  current  of  gas  is  stopped  for  a  quarter  of 
an  hour  in  order  to  allow  the  copper  compound  to  settle.  When 
sufficient  quantity  of  the  precipitate  has  been  deposited  in  R,  the 
flask  is  removed  and  replaced  by  afresh  one,  and  this  in  its  turn 
by  another  flask  containing  the  cuprous  solution.  The  hquid  is 
drawn  off  by  means  of  a  siphon,  and  the  residue  is  washed 
repeatedly  with  distilled  water  until  the  ammonia  is  completely 
removed,  as  otherwise  the  moist  compound  quickly  oxidizes. 
By  treatment  with  hydrochloric  acid  ethylene  is  liberated,  but 

1  Ann,  CJiim.  Phys.  [5],  x.  365. 
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this  always  contains  a  little  cblorethylcne  (Berthelot,  Zeisel). 
By  means  of  this  apparatus  Berthelot  obtained  in  one  night  a 
quantity  of  the  cuprous  compound  sufficient  to  yield  four  liters 
of  acetylene.  An  improved  form  of  the  apparatus  ha-s  been 
described  by  Jungfleisch.i 

Berthelot  gives  the  following  process  for  the  preparation  of  a 
solution  best  adapted  for  the  absorption  of  acetylene.  Cupric 
oxide  is  dissolved  in  cold  commercial  hydrochloric  acid,  and  the 
solution  is  poured  into  flasks  half  filled  with  copper  turnings. 
The  liquid  quickly  becomes  colourless  and  then  commercial 
ammonia  (well  cooled  by  water)  is  added  until  the  solution  has  a 
slightly  acid  reaction,  after  which  the  liquid  is  made  alkaline  with 
ammonia.  All  these  operations  must  be  quickly  performed,  and 
air  excluded  as  much  as  possible. 

783  Properties.  Acetylene  is  a  colourless  gas,  possessing  a 
peculiar  unpleasant  smell.  Its  specific  gravity  is  0'91.  Cailletefc 
has  condensed  it  at  +  1°  under  a  pressure  of  48  atmospheres, 
to  a  mobile  highly  refractive  liquid,^  whilst  Ansdell  found  that 
at  0°  a  pressure  of  21  "5  atmospheres  suffices  for  producing  the 
liquid,  and  that  at- this  temperature  it  has  a  specific  gravity  of 
0'451.^  Water  at  18°  dissolves  its  own  volume  of  acetylene, 
whilst  six  volumes  of  absolute  alcohol  or  glacial  acetic  acid 
are  needed.  When  ignited  it  burns  with  a  very  smoky  flame, 
and  with  oxygen  it  forms  a  highly  explosive  mixture.  Ethylene 
is  formed  by  the  action  of  zinc  and  ammonia  on  the  acetylene- 
copper  compound,  and  when  a  mixture  of  hydrogen  and  acety- 
lene is  brought  in  contact  with  platinum  black,  the  two  gases 
unite,  forming  ethylene.* 

Acetylene  unites  with  haloid  hydracids,  first  forming  mono- 
substitution-prpducts  of  ethylene,  and  these  combine  with  a 
second  molecule  of  the  acid,  thus  giving  rise  to  ethidene 
compounds.^ 

Concentrated  sulphuric  acid  slowly  absorbs  acetylene,  and 
when  this  solution  is  diluted  with  water  and  distilled,  croton- 
aldehyde  (p.  403)  passes  over,  the  formation  of  which  may  be 
readily  explained  ;  acetylene  combining  with  water  first  to  form 
acetaldehyde,  and  this  then  condensing  to  crotonaldehyde. 

^  Compt  Rend,  xc.  364. 

2  Compt.  Rend.  Ixxxv.  851. 

3  Chem.  Knos,  xl.  136. 

■*  von  Wilde,  Bcr.  Beuisch.  Chem.  Ges.  vii.  353. 

5  Berthelot,   Ann.  Glum.   Pharm.  ciixxii.  122  ;  Eeboul,   Bcr.  Deutsch.   Chem, 
Ges.  V.  326. 
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Chromic  acid  solution  oxidizes  acetylene  to  acetic  acid,  aldehyde 
being  an  intermediate  product,  whilst  an  alkaline  solution  of 
potassium  permanganate  transforms  it  into  oxalic  acid. 

When  acetylene  is  brought  in  contact -with  mercuric  bromide 
and  water,  it  combines  with  the  latter  slowly  in  the  cold,  or 
more  quickly  on  heating,  forming  acetaldehyde.  The  part  played 
by  the  mercuric  bromide  in  this  reaction  is  not  understood. 
With  water  alone,  or  in  the  presence  of  hydrobromic  acid, 
no  combination  occurs.^ 

Although  acetylene  is  formed  from  its  elements  at  the  tempe- 
rature of  the  electric  arc,  it  is  decomposed  again  by  the  passage 
of  the  induction  spark  (Berthelot). 

Acetylene  is  poisonous,  combining  with  the  haemoglobin  of 
the  blood  to  form  a  compound  similar  to  that  yielded  by  carbon 
monoxide,  but  its  poisonous  action  is  less  energetic  than  that  of 
the  latter  body.^ 


Metallic  Compounds  of  Acetylene. 

784  W^hen  sodium  is  gently  heated  in  acetylene  it  becomes 
covered  with  a  thin  white  layer  of  CgHNa,  and  at  a  dark  red 
heat  this  passes  into  a  black  ma^s  of  CgNa^.  At  the  same  tirtiie 
small  quantities  of  ethylene  and  ethane  are"  formed.  "When 
potassium  is  fused  in  acetylene  the  compound  0.^^  is  formed, 
and  the  mass  becomes  incandescent.  All  these  compounds  are- 
acted  upon  by  water  with  explosive  violence,  acetylene  being 
again  formed.^ 

Calcium  Acetylide,  Cfisi,  is  obtained  when  an  alloy  of  calcium 
and  zinc  is  strongly  heated  with  charcoal.  It  is  decomposed  by 
water  into  calcium  hydroxide  and  acetylene.* 

Cuprous  Acetylide,  CgCug  +  HgO.  Quet  observed  that  when 
the  induction  spark  is  passed  into  alcohol,  or  when  its  vapour  is 
passed  through  a  red-hot  porcelain  tube,  a  gas  is  formed  which 
yields  precipitates  with  ammoniacal  cuprous  chloride  solution 
and  silver  solution,  and  ■  that  these  products  explode  when 
heated  or  on  percussion.^    Bottger  obtained  similar  precipitates 


*  Kutscharow,  Ber.  Deutsch,  Chem,  Ges.  xiv.  1540. 

^  Bistrow  and  Liebreich,  Ber.  Deutsch.  Chem,  Ges.  1.  220.  _ 

3  Berthelot,  Bxdl.  Soc.  Chim.  1866,  v.  182  ;  Ann.  Chem.  Pharm.  cxxxix.  150. 

*  Wohler,  Ann.  Chem.  Pharm.  cxxiv.  220.  _ 

»  Gomptes  Rendus,  xlvi,  903  ;  Ann.  Chem.  Pharm.  cvui.  116. 
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by  passing  coal-gas  through  these  solutions,  and  he  termed  the 
red  flocculent  substance  a  copper-hydrocarbon  compound,  as  it 
is  converted  by  hydrochloric  acid  into  a  gaseous  hydrocarbon 
and  cuprous  chloride.^  Torrey  then  stated  that  as  early  as 
1839  he  had  found  in  the  copper  gas^ipes  in  New  York  a 
brown  scaly  deposit  which  exploded  violently  on  percussion  or 
when  heated  to  200°.^  Berthelot  was  the  first  to  examine  this 
substance  more  minutely,  and  Crova  pointed  out  that  it  is  also 
formed  when  moist  acetylene  is  brought  into  contact  with^ 
metallic  copper.^  _  i 

The  preparation  of  this  copper  compound  has  already  been 
fully  described.  It  forms  a  dark  red  amorphous  precipitate,  which 
when  dry  explodes  either  on  percussion  or  on  heating  to  about 
100° — 120°,  leaving  behind  a  velvety  black  powder  which  con- 
tains charcoal  and  copper.  When  brought  in  contact  with 
chlorine,  bromine,  or  hnely  divided  iodine,  ignition  takes  place. 
The  formation  of  this  compound  is  so  characteristic  and 
delicate  that  according  to  Berthelot  the  presence  of  0'005  mg- 
of  acetylene  can  thus  be  recognised. 

The  constitution  of  this  compound  has  as  yet  not  been  ascer- 
tained. Berthelot  gave  to  it  the  formula  (C2HCu9)20,  and 
termed  it  cu^roso-acetyl  oxide,^  but  Blochmann,  on  the  other 
hand,  found,  as  the  result  of  very  careful  analysis,  numbers 
giving  the  composition  Qfifiu^O,  which  corresponds  with  the 
formula  given  above. ^  When  acetylene  is  passed  into  a  solution 
of  cuprous  chloride  in  potassium  chloride  a  red  precipitate  is 
likewise  produced,  and  this,  according  to  Berthelot,  is  c^cproso- 
acetyl  chloride,  C^S-Cufil.  If  this  formula  be  correct,  the 
compound  precipitated  from  ammoniacal  solution  will  be  the 
corresponding  hydroxide,  and  the  constitution  of  these  compounds 
would  be  represented  by  the  following  formula  : 

Cuproso-acetyl  Hydroxide.  Cuproao-acetyl  Chloride. 

CH=C— Cu— Cu— OH.  CH^C— Cu— Cu— CI. 

Berthelot  has  also  prepared  other  cuproso-acetyl  salts,  but  has 
not  published  any  analyses. 

Silver  Acetylide,  CgAgs  +  HgO,  is  formed  as  a  white  or 
yellowish  precipitate  by  passing  acetylene  into  an  ammoniacal 

^  Ann.  Cliem.  Pharm.  cix.  351. 

2  Jahresb.  1859,  222. 

«  lb.  1862,  442. 

*  Ann.  Cliem.  Pharm.  cxxxviii.  245. 

5  lb.  clxxiii.  174. 


METALLIC  COMPOUNDS  OF  ACETYLENE.  457 

solution  of  silver  nitrate.  In  the  dry  state  it  explodes  even 
more  easily  than  the  copper  compound.  Blochmann's  analyses 
give  the  above  formula,  but  Berthelot  considers  the  compound 
to  be  argcntacetyl  oxide,  (C2HAg2)20,  and  he  has  prepared  the 
corresponding  chloride,  CgHAggCl,  from  a  solution  of  silver 
chloride  in  ammonia. 

If  silver-acetylide  be  shaken  up  with  a  solution  of  iodine  in 
ether  until  this  is  decolorized,  and  the  liquid  be  then  evaporated, 
yellow  crystals  are  formed  which  have  a  repulsive  odour,  and 
the  vapour  strongly  attacks  the  eyes.  According  to  Berend 
they  possess  the  formula  C^Hgl^,  and  yield  a  large  quantity  of 
acetylene  when  heated  with  alcoholic  potash.^  The  constitution 
of  this  compound  is  not  known. 

When  acetylene  is  passed  into  an  ammoniacal  solution  of  aureus 
thiosulphate,  a  yellow  highly  explosive  precipitate  is  formed,  whilst 
in  an  alkaline  solution  of  mercury  potassium  iodide  a  yellow 
precipitate  is  obtained  having  the  composition  C2HHgI,HgO ; 
this  explodes  slightly  on  heating,  and  yields  acetylene  on 
treatment  with  acids.  ^ 


Haloii)  Etheeeal  Salts  of  Acetylene. 

785  Acetylene  Dicldoride,  CgHgCl^.  When  acetylene  and  chlorine 
are  brought  in  contact  deflagration  usually  occurs  and  carbon  is 
separated.  '  Sometimes,  however,  under  conditions  which  have 
not  as  yet  been  determined,  the  dichloride  is  produced.  This 
latter  may  be  easily  obtained  pure  by  passing  acetylene  into  mode- 
rately cooled  antimony  pentachloride,  when  crystalline  plates  of 
C2H2Cl2.SbCl3  are  formed,  and  this  on  heating  splits  up  into 
antimony  trichloride  and  acetylene  dichloride.^  This  latter  is  a 
mobile  liquid,  which  boils  at  55°  and  has  an  odour  resembling 
that  of  chloroform. 

Acetylene  Tetrachloride,  CgHgCl^,  is  obtained  when  the  double 
compound  just  described  is  heated  with  an  excess  of  antimony 
pentachloride,  and  also  when  phosphorus  pentachloride  acts  on 
dichloracetaldehyde,*  or  when  chlorine  is  passed  into  ethylene 

1  Ann.  Chem.  Pharm.  cxxxv.  257. 

2  Basset,  Chem,  News^^xix.  28.  ,  ^,  a  ^  -i  oko 
^  Berthelot  and  Jungfleisch,  Ann.  Chem.  Pharm.  Suppl.  vu.  252. 
"  Paterno  and  Pisati,  Jahresh.  1871,  508. 
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chloride  (p.  41).     It  is  a  liquid  boiling  at  147°,  and  at  0°  Las  a 
specific  gravity  of  1*614. 

Acetylene  Dihromide,  C^HgBrg,  is  produced  by  the  union  of 
acetylene  and  bromine,^  but  is  not  easily  obtained  pure  in  this 
way.  It  may,  however,  be  readily  prepared  from  the  tetra- 
bromide  by  decomposing  its  well-cooled  alcoholic  solution  with 
zinc,  and  after  the  reaction  is  over,  precipitating  with  water.^ 
Jt  is  liquid  having  a  chloroform-like  smell,  boiling  at  110° — 111°, 
and  having  at  23°  a  specific  gravity  of  2'20. 

Acetylene  Tetrahromide,  CgH^Br^,  is  obtained  by  passing 
acetylene  into  bromine  under  water.  It  is  a  liquid  which  at 
17°"5  has  a  specific  gravity  of  2'9493.  At  190°  it  decomposes 
into  hydrobromic  acid  and  tribromethylene,  but  under  a  pressure 
of  36  mm.  of  mercury  it  boils  at  137°.^ 

Acetylene  Di-iodide,  Cfi^^v  This  compound  separates  out  in 
crystals  when  acetylene  is  passed  into  a  mixture  of  iodine  and 
absolute  alcohol.  The  liquid  is  removed  by  the  filter-pump, 
the  residue  washed  with  dilute  potash  solution  and  then  re- 
crystallized  from  hot  alcohol.  It  forms  long  thin  flexible  needles 
which  possess  a  strong  and  characteristic  odour.  It  melts  at 
73°,  but  it  volatilizes  at  the  ordinary  temperature,  and  may  be 
sublimed  without  decomposition. 

Together  with  this  compound,  an  isomeric  liquid  di-iodide  is 
formed  which  decomposes  on  heating,  and  also  a  more  volatile 
iodine  compound  which  escapes  with  the  unabsorbed  acetylene.^ 


Substitution-products  of  Acetylene. 

786  Monochloracetylene,  CgHCl.  By  the  reduction  of  chloral- 
did  (Part  I.  p,  538)  a  dichloracrylic  acid  is  produced,  and  this 
on  boiling  with  baryta-water  decomiDoses  into  monochloracetylene, 
hydrochloric  acid,  and  carbon  dioxide  : 

CClg^CKCOgH    =    CC1=CH    -f     HCl    -f- CO2. 

The  pure  gas  is  spontaneously  explosive,  yielding  carbon  and 
hydrochloric  acid,  but  does  not  explode  when  it  is  diluted  with 
hydrogen.  When  this  mixture  is  passed  into  bromine  it  forms  the 

^  Berthelot,  Ann.  CMm.  Pharm.  cxxiv.  272  ;  Sabanejew,  clxxviii.  116. 

2  Sabanejew,  Bcr.  Dcutsch.  Chcm.  Ges.  ix.  1441  ;  Anschutz,  ih.  xii.  2074, 

3  Sabanejew,  Ann.  Clmm.  Pharm.  clxxviii.  113. 
<  Ibid,  clxxviii.  118. 
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crystalline  tetrabromide  C2HClBr^,  a  substance  which  is  also 
produced  when  bromine  acts  upon  ethyl  chloride,  and  is  known 
as  a-chlortetrdbromethane?' 

When  passed  into  a  solution  of  cuprous  chloride  in  ammonia, 
monochloracetylene  produces  a  yellowish  red  precipitate,  whilst 
with  silver  nitrate  solution  a  white  precipitate  is  formed.  Both 
compounds  are  highly  explosive.^ 

Monohromacetylene,  CgHBr,  is  formed  when  bromethyleno 
dibromide  is  heated  with  alcoholic  potash.^  The  gas  thus  pro- 
duced is  mixed  with  much  free  acetylene.  An  almost  pure 
product  is  got  by  the  decomposition  of  dibromethylene  dibromide 
according  to  the  following  equation: 

CH^Br— CBr3     =     CH=CBr     +     HBr     +     Br^. 

The  bromine  which  is  liberated  oxidizes  the  alcohol  to  formic 
acid.* 

The  gas  liquefies  under  a  pressure  of  three  atmospheres,  and 
in  the  air  it  takes  fire  and  burns  with  a  purple-coloured,  very 
smoky  flame.  When  brought  in  contact  with  oxygen  explosion 
occurs.  If,  however,  the  compound  be  diluted  with  an  indifferent 
gas  and  the  mixture  brought  in  contact  with  air,  white  clouds 
of  bromacetic  acid  are  produced.^  Witb  an  ammoniacal  solution 
of  cuprous  chloride  it  produces  a  red  precipitate,  which,  according 
to  Reboul,  is  copper  acetylide.  It  unites  with  bromine,  forming 
pentabromethane. 


PROPINE  COMPOUNDS. 

787  Methyl-Acetylene,  or  Allylenefi'Rz.G'^CB.,  was  first  obtained 
by  Markownikow  by  heating  propylene  bromide  with  alcohoHc 
potash,^  and  almost  simultaneously  by  Sawitsch  by  acting  on 
brom-propylene  with  a  solution  of  sodium  ethylate.^  It  is  also 
formed  by  heating  y8-chlorpropylene  with  caustic  potash  and 
alcohol,^  and  further,  by  the  action  of  sodium  on  dichlorinated 

^  Denzel,  Ber.  Deutach.  Chem.  Ges.  xi.  1739. 

^  Wallach,  Ann.  Chem.  Fharm.  cciii.  87. 

3  Sawitsch,  Ann.  Chertu  Pharm,  cxix.  183  ;  Reboul,  ih.  cxxiv.  267. 

*  Keboul,  ih.  cxxv.  81. 

^  Fontaine,  ih.  clvi.  260. 

«  Ann.  Chem.  Pli^rm.  cxviii.  330.  ^  /&-  cxix.  185. 

"  Friedel,  ih.  cxxxiv.  262. 
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dimethyl-methylene  chloride  (dichloracetone  chloride)  ^  or  its 
isomeride  tetrachlor-glycide  (p.  356).  The  last-named  compound 
yields  in  addition  propylene,^  and  probably  the  iso-allylene  de- 
scribed below.  For  the  preparation  of  methyl-acetylene  propylene 
bromide  is  used,  and  the  method  corresponds  exactly  to  that 
by  which  acetylene  is  prepared  from  ethylene  bromide.^ 

AUylene  is  a  gas  possessing  a  strong  smell,  which,  however,  is 
less  un23leasant  than  that  of  acetylene.  It  takes  fire  readily,  and 
burns  with  a  very  smoky  flame.  It  combines  slowly  with 
fuming  hydrochloric  acid,  forming  dimethylmethylene  chloride, 
whilst  it  is  absorbed  by  highly-concentrated  hydrobromic  acid 
with  formation  of  dimethylmethylene  bromide  and  a  little  ^~ 
brompropylene."*  If  concentrated  hydriodic  acid  be  poured 
into  a  flask  filled  with  allylene,  dimethyl-methylene  iodide, 
CII3CI2.CH3,  is  produced,  a  heavy  liquid  which  boils,  with  con- 
siderable decomposition,  at  147° — 148°,^  and  when  acted  on  by 
silver  oxide  is  transformed  into  acetone. "^  By  the  direct  union 
of  allylene  with  water,  in  presence  of  mercuric  bromide,  acetone 
is  readily  formed  (see  Parfc  I.  568).  Potassium  permanganate 
oxidizes  allylene  in  the  cold,  yielding  formic,  oxalic,  and  malonic 
acids.  An  aqueous  chromic  acid  solution,  on  the  other  hand, 
converts  it  into  propionic  acid  (Berthelot).  When  allylene  is 
gently  heated  with  sodium,  it  is  decomposed  with  separation  of 
carbon  and  hydrogen  and  formation  of  sodium  acetylide.^ 

788  Mctallie  Gompoitnds  of  Allylene.  If  sodium  be  covered  with 
ether,  then  cooled  in  a  freezing  mixture,  and  allylene  led  in,  the 
gas  is  absorbed  in  considerable  quantity,  and  after  standing  for 
a  few  days  sodiiorn-allylene,  C3H3Na,  is  formed,  together  with 
propane :  ^ 

5C3H,     +     4Na     =     403H3Na     +     C3H3. 

It  is  a  colourless  crystalline  powder  which  becomes  resinous  in 
the  air,  and  frequently  takes  fire  on  expos.ure. 

When  allylene  is  passed  into  a  solution  of  cuprous  chloride  in 
ammonia,  a  yellow,  flocculent  precipitate  of  cicproics  allylide, 
(P'2^z}'P^2^  is  thrown  down.     This  becomes  incandescent  when 

^  Borsche  and  Fittig,  Ann.  Chem.  Pharm.  cxxxiii.  H9. 

2  Pfeffer  and  Fittig,  ih.  cxxxv.  366. 

^  Liebermann,  Ann.  Chem.  Pharm.  cxxxv.  266. 

*  E,eboul,  Ann.  Chim.  Phys.  [5],  xiy.  465. 

s  Oppenheim,  Zeitsch.  Chevi.  1865,  719  ;  Semeuow,  ih.  1865,  725. 

8  Sorokin,  ZcUsch.  Chem.  1871,  264. 

^  Berthelot,  Ann.   Chim.  Phys.  (4)  ix.  935, 

s  Lagermark,  Journ.  liuss.  Chem.  Ges.  xii.  288. 
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heated,  and  on  treatment  with  hydrochloric  acid  evolves  allyl- 
ene.  It  dissolves  in  ammonia  which  contains  ammonium 
chloride  in  solution,  and  this  explains  the  fact  that  when  cuprous 
chloride  is  dissolved  in  hydrochloric  acid,  and  the  solution  then 
saturated  with  ammonia,  this  liquid  absorbs  allylene,  but  does 
not  yield  any  precipitate  with  it.  The  composition  of  copper- 
allyhde  has  not  been  exactly  determined,  but  it  probably 
corresponds  with  that  of  the  following  compound. 

Silver- Allylide J  CgHgAg.  "When  allylene  is  passed  into  an 
ammoniacal  silver  solution,  this  compound  is  formed  as  a  white 
exceedingly  light  precipitate,  consisting  of  microscopic  needles. 
This  changes  colour  on  standing,  and  more  quickly  when  in  the 
moist  state,  becoming  at  first  reddish-yellow  and  then  green,  and, 
as  in  the  case  with  silver  chloride,  this  change  of  colour  is  not 
accompanied  by  any  substantial  alteration  in  the  composition  of 
the  compound. 

This  substance  is  decomposed  by  mineral  acids  and  by  sulphu- 
retted hydrogen,  allylene  being  evolved.  It  deflagrates  when 
heated,  frequently  at  so  low  a  temperature  as  150°,  with  separa- 
tion of  spongy  charcoal. 

By  the  action  of  an  aqueous  solution  of  iodine  and  iodide  of 
potassium,  allylene  is  converted  into  iodallylene,  C3H3T.  This  is 
a  liquid  which  boils  at  98°,  possesses  a  penetrating  odour,  and 
strongly  attacks  the  eyes  and  mucous  membranes.  It  is 
retransformed  into  allylene  when  treated  with  zinc  and  hydro- 
chloric acid  (Liebermann). 

789  Haloid  Ethereal  Salts  of  Allylene.  The  dichloracetone 
chloride  already  described  is  allylene  tetrachloride,  GHg.CClg. 
CHCI2.  It  is  obtained  by  heating  together  for  some  time 
phosphorus  pentachloride  and  dichloracetone  (Part  I.  p.  571). 
It  is  an  oily  liquid  which  has  a  peculiar  but  not  unpleasant 
smell,  and  boils  at  153°. 

Allylene  Dilromide,  GgH^Brg,  is  obtained,  together  with  the 
compound  next  described,  by  acting  on  allylene  with  bromine,^ 
and  is  also  formed  when  brompropylene  bromide  is  heated  with 
silver  acetate.^  It  is  a  heavy  liquid,  possessing  an  aromatic 
odour,  and  boiling  at  130° — 132°. 

Allylene  Tetrabromide,  CgH^Br^,  boils  with  partial  decom- 
position at  225°— 230°,  but  under  a  diminished  pressure  distils 
unchanged. 

^  Oppenlieim,  Ann,  Chem.  Fharm.  cxxxii.  126. 
2  Liniieraaiin,  ih,  cxxxvi.  56. 
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Allylene  Bi-iodide,  CgH^Ig,  is  formed  when  allylene  is  exposed 
to  sunlight  in  contact  with  a  solution  of  iodine  in  potassium 
iodide.     It  is  an  oily  liquid  which  boils  at  198°.^ 

lodallylene  Di-icdidey  C3H3I3,  is  obtained  by  shaking  up  silver 
allylide  with  an  ethereal  solution  of  iodine  so  long  as  this  is 
decolorized,  then  adding  a  quantity  of  iodine  equal  to  that 
already  used,  and  afterwards  allowing  the  mixture  to  stand  until 
the  colour  of  the  iodine  has  disappeared.  It  crystallizes  in  long 
needles  which  readily  decompose  with  separation  of  iodine 
(Liebermann). 

Iso~allylcne,  or  Allene,  CHgZzC^zCH^,  is  formed  by  the 
electrolysis  of  the  potassium  salt  of  itaconic  acid,  03114(06211)2, 
and  is  a  gas  which,  in  smell,  resembles  allylene,  but  it  does  not 
precipitate  ammoniacal  silver  or  copper  solution,^ 

The  hydrocarbon  obtained  by  Hartenstein  from  dichlorhydrin 
is  doubtless  identical  with  iso-allylene.  When  this  latter  is 
heated  with  phosphorus  pentachloride,  ^-chlorallyl  chloride, 
CHC1=CH — CHgCl,  is  formed,  a  liquid  having  a  pleasant 
though  somewhat  pungent  odour,  and  boiling  at  109°.  When 
treated  with  sodium,  in  the  presence  of  benzene,  it  yields  a  gas 
which  likewise  yields  no  precipitate  with  ammoniacal  silver 
solution. 

Iso-allylene  combines  with  bromine  to  form  iso-allylene 
tetrabromide,  Q^fiv^,  a  compound  which  dissolves  readily  in 
ether  and  crystaUizes  in  tablets  melting  at  195.°^ 


BUTINE  COMPOUNDS. 

790  Eihyl-acitylenc,  CHs.CHg.C^CH,  is  obtained  from  ethyl- 
methyl-ketone  by  a  reaction  which  has  already  been  described 
(Part  I.  p.  182).  It  boils  at  18°,  has  a  pungent  odour,  and  gives, 
with  an  ammoniacal  silver  solution,  a  white,  and  with  one  of 
cuprous  chloride,  a  yellow,  precipitate.  It  forms  with  bromme 
the  crystalline  tetrabromide.^ 

Crotonylene,  C^H^,  was  obtained  by  Caventou  by  heating 
brom-butylene  with  sodium  ethylate.  It  is  a  liquid  which  boils 
between  18°   and    24°,   possesses    a   pungent  odour   somewhat 

^  Oppenheim,  Bull,  Soc.  Chim.  iv.  434. 

^  Aarland,  Journ.  Praht.  Chem,  [2],  vi.  256, 

^  Hartenstein,  Joicrn.  Prakt.  Chem,  [2],  vii.  310. 

*  Bniglants,  Bcr,  Dcntsch.  Chem.  Ges.  viii.  410. 
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resembling  tliat  of  the  leek,  and  the  density  of  its  vapour  is 
r936.  It  coQibines  with  bromine  to  yield  crotonylene  tetra- 
bromide,  C^HgBr^,  a  white,  crystalline  body  volatilizing  somewhat 
readily  in  the  air.^ 

The  butylene  dibromide,  which  was  used  by  Caventou  for  the 
preparation  of  the  brom-butylene,  was  obtained  by  fractional 
distillation  from  the  mixture  of  bromides  which  is  got  by  passing 
into  bromine  the  gas  obtained  by  heating  to  redness  the  vapour 
of  fermentation — amyl  alcohol.  This  gas  contains,  as  we  now 
know,  isomeric  butylenes.  The  question,  therefore,  presented 
itself  as  to  which  of  these  yields  the  crotonylene.  Butlerow  ex- 
pressed the  opinion  that  it  could  not  be  derived  from  isobutylene, 
(CH3)2CzzCH2,  except  on  the  supposition  that  crotonylene 
contains  free  combining  units,  and  this  appeared  to  him  to  be 
improbable.  To  test  this  theory  he  heated  brom-isobutylene 
with  sodium  ethylate  and  obtained,  not  crotonylene,  but  ethyl- 
crotyl  ether  :  ^ 

(CH)2C=CHBr  +  NaOG^Hg  =  (CH3)2C=:CHOC2H5  +  NaBr. 

J.  Lermontoff  then  prepared  croton5dene  from  y8-butylene 
dibromide,  CHg.CHBr.CHBr.GHg,  and  Almedingen  showed  that 
the  olefines  thus  obtained  are  condensed  by  sulphuric  acid  to 
hexmethyl-benzene,  Cg(GH3)^^.^  Hence  it  follows  that  crotonylene 
is  dimethyl-acetylene,  CHg.C^C.CHy. 

791  Butine,  CzzHgCH.CH^CH^.  When  erythrite,  CJIq{OK)^, 
is  heated  with  concentrated  formic  acid  to  230°,  butine  is 
formed,  together  with  water,  carbon  dioxide,  and  the  formate 
C4Hg(CH02)OH.^  It  is  also  found  in  the  liquid  formed  by 
the  condensation  of  coal-gas,^  and  is  a  liquid  boiling  about  20°. 

Butine  Tetrachloride,  C^HgCl^,  is  formed  by  the  direct  com- 
bination of  butine  and  chlorine,  and  also  by  the  action  of 
phosphorus  pentachloride  on  erythrite.  It  crystallizes  in  prisms 
which  melt  at  73°.^ 

Butine  Tetrahromide,  C^HgBr^,  forms  white  needles  or  rhombic 
plates,  which  melt  at  116°,  and  sublime  when  more  strongly 
heated. 

By  passing  the  vapour  of  amyl  alcohol  through  a  red-hot 
tube   and    leading    the    evolved   gas    into   bromine,  Caventou 

^  Ann.  ChcTYi.  Pharm.  cxxvii.  347. 

2  Zeitsch.  Cham    [2],  vi.  523. 

3  Ber.  Dmtsch.  Ckem.  Ges.  xiv.  2073. 

^  Henninger,  Ber,  Deutsch.  Cliem.  Ges.  vi.  70. 
^  Henninger,  Bidl.  Soc.  Cfiim.  xxsiv.  194. 
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obtained  a  product  containing  a  tetrabromide  which  crystallizes 
in  needles  and  melts  at  114° — 115°/  and  is,  therefore,  probably 
butine  tetrabromide,  but  certainly  not  crotonylene  tetrabromide, 
as  it  is  not  perceptibly  volatile  in  the  air.  He  pointed  out, 
moreover,  that  the  hydrocarbon  which  these  crystals  yield  is  not 
absorbed  by  amraoniacal  cuprous  chloride.  ^ 


PENTINE  COMPOUNDS. 

792  Propyl- Acetylene,  CHg.CHg.CH.^CH,  is  obtained  from 
methyl-butyl  ketone,  and  is  a  mobile  liquid  which  boils  at  48° — 
49°,  and  has  an  alliaceous  penetrating  smell.  It  combines  with 
bromine,  forming  a  liquid  dibromide  which  boils  at  190°,  and  a 
liquid  tetrabromide  which  boils  at  275°,  and  does  not  solidify  at 
— 15°.  Its  silver  compound,  C^HyAg,  is  a  white,  and  its  copper 
compound  a  ^^ellow,  precipitate.^ 

Isopropyl- Acetylene,  (CH3)2CH.C~CH,  can  be  obtained  by  the 
reaction  already  described,  from  valeraldehyde,^  and  from  iso- 
propylethylene.5  It  is  a  liquid  possessing  a  penetrating  smell, 
boils  at  28° — 29°  and  at  0°  has  a  specific  gravity  0-6854.^  It  forms 
with  bromine  a  liquid  dibronaide  and  tetrabromide.  Chromic 
acid  solution  oxidizes  it  to  isobutyric  acid,  acetone  and  acetic 
acid.^  Its  copper  compound  is  yellow,  and  the  silver  compound, 
CgH^Ag,  is  white.  The  latter  dissolves  slightly  in  ammoniacal 
silver  solution,  and  likewise  in  absolute  alcohol,  from  which  it 
crystallizes  in  small  prisms. 

Methyl  Ethyl  Acetylene,  CHg.C^C.CgH^.  On  heating  the 
dibromide  prepared  from  commercial  amyJene,  with  alcoholic 
potash,  Reboul  obtained  a  liquid  having  a  penetrating  smell,  and 
boiling  at  about  44° — 46°,  which  he  termed  valerylene.^  This 
was  evidently  a  mixture  which  contained  methylethylacetylene. 
Eltekow  obtained  the  latter  in  the  pure  state  by  treating  the 
crude  amylene  with  sulphuric  acid,  converting  the  undissolved 
part  (p.  241)  into  the  bromide,  and  then  decomposing  this  with 
potash.      The    product   contains   isopropylacetylene,    which   is 

^  Ann.  Chem.  Pharin.  cxxvii.  93.  ^  Ih.  cxxvii.  347. 

3  Bruylants,  Ber.  Beutsch.  Chem.  Ges.  viii.  411.  *  lb.  406  and  413. 

^  Eltekow,  ib.  x.  707  ;  Flawitzky  and  Krylow,  ib.  z.  1102. 

«  Ib.  xi.  1939. 

7  Ber.  DeuUtch.  Chem.  Ges.  x.  2240. 

^  Ann.  Chem.  Pharm.  cxxxi.  238. 
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removed  by  means  of  ammoniacal  silver  solution,  when  the 
methyl-acetylene  remains  behind.  It  is  a  liquid  which  boils 
at  51° — 52°,  and  is  oxidized  by  aqueous  chromic  acid  to  acetic 
and  propionic  acids.^ 

Valerylene  unites  with  bromine,  forming  a  dibromide  and 
tetrabromide,  both  of  which  are  liquid.  If  the  first  of  these  be 
heated  with  alcoholic  potash  solution,  valylene,  CgHg,  is  formed. 
This  is  an  alliaceous  smelling  liquid,  which  boils  at  50°,  and 
forms  by  union  with  bromine  a  crystalline  hexbromide.  Its 
silver  compound,  CgH^Ag,  is  a  white,  and  its  cuprous  compound, 
(C5H5)2Cu2,  a  yellow  precipitate  (Reboul). 


HEXINE  COMPOUNDS. 

793  Eexoylene,  CgH^^,  was  prepared  by  Caventou  from  the 
hexane  of  petroleum  oil,  by  converting  the  dibrombexane  prepared 
from  this,  into  bromhexylene,  and  then  beating  this  latter  wdth 
sodium  ethylate.2  It  boils  at  about  80°  and  forms  a  dibromide 
and  tetrabromide,  both  of  which  are  liquid.^  The  hexoylene  pre- 
pared by  Hecht  from  the  hexylene  got  from  mannite  is  probably 
identical  with  this.  This  hexoylene  boils  at  80° — 83°,  unites 
readily  with  bromine  to  form  a  dibromide,  but  forms  a  tetra- 
bromide only  with  difficulty.  It  is  oxidized  by  chromic  acid 
solution  to  acetic  and  butyric  acids.* 

A  hydrocarbon  of  the  same  composition  occurs  in  the  light 
coal-tar  oils.  This  has  not  as  yet  been  obtained  pure,  but  its 
tetrabromide  crystallizes  from  hot  alcohol  in  long  white  needles, 
which  melt  a]b  112°,  and  boil  at  318°.^  __ 

794  BiallylovEexine,  CHs^GH.CHs.CH^.CH—CH^,  was  first 
obtained  by  Berthelot  by  the  action  of  sodium  on  allyl  iodide.^ 
Wurtz  recommends  instead  of  sodium  an  alloy  of  this  with  twice 
its  weight  of  tin.^  It  may  be  more  simply  prepared  by  bringing 
allyl  iodide  in  contact  with  zinc,  and  a  little  ethyl  formate.^  It 
is  also  easily  formed  when  mercury  allyl  iodide  is  subjected  to 

1  Ber.  Deutsch,  Chem.  Ge$.  i.  1904  and  2057. 
3  Ann.  Chem.  Pharm.  cxxxv.  126. 

3  Reboul  and  Truchot,  ih.  cxliv.  246. 

4  Hecht,  Ber.  Deutsch.  Chem.  Ges.  xi.  1050. 

5  Schorleinnier,  Journ.  Chem.  Soc.  xix.  356. 

6  A7in.  Chim.  Phys.  [3]  xlviii.  294. 

7  Ih.  [4]iii.  129. 

8  Sorokin,  Ber.  Deutsch.  Chem.  Ges.  xu.  383. 
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dry  distillation,!  or  better  wlien  this  latter  is  decomposed  with 
potassium  cyanide  and  the  diallyl  then  distilled  off.^ 

SCsH^Hgl  +  2KCN  =  G.n,,  +  Hg  -f  HgCCN)^  +  2KL 

Diallyl  is  a  mobile  liquid  possessing  a  penetrating  ethereal  and 
alliaceous  smell.  It  boils  at  59°,  and  at  17°  has  a  specific 
gravity  of  0"6872,  whilst  that  of  its  vapour  is  2*92.  By  oxida- 
tion with  acidified  potassium  permanganate  solution,  it  yields 
succinic  acid  as  chief  product,^  as  might  be  indeed  expected  from 
its  constitution.  Concentrated  sulphuric  acid  acts  powerfully  on 
diallyl,  polymeric  hydrocarbons  of  the  formula  CnHgn-i  being 
formed,  together  with  tarry  products:  These  hydrocarbons 
are  obtained  in  larger  quantity  if  the  diallyl  be  first  diluted  with 
petroleum  spirit.^  Similar  hydrocarbons  are  produced  when  sul- 
phuric acid  acts  on  coal-tar  naphtha  obtained  from  caDiiel  coal, 
the  products  having  also  the  formula  CnH2n-4.^ 

Monoclilorlicxine,  CgHgCl,  is  formed  together  with  the  di- 
chloride,  CqH^qC12,  by  the  action  of  phosphorus  pentachloride 
on  allyl  acetone,  CH3.CO.CH2.CH2CH=CH2,  which  is  a 
product  of  decomposition  of  ethyl  allyl  acetacetate  (p.  412), 
Monochlorhexine  boils  at  about  120°  and  it  is  transformed 
when  heated  with  alcoholic  potash  into  diallylene  or  Jiexmie 
CH=C.CH2.CH2.CH=CH2,  a  liquid  which  boils  at  78°,  and 
yields  a  white  silver,  and  a  yellow  cuprous,  compound.^ 

Hcxine  Tdrahroviide,  CgHj^Br^,  crystallizes  from  ether  in  four- 
sided  prisms  which  have  a  camphor-like  smell,  melt  at  63°/  and 
volatilize  without  decomposition.  By  the  action  of  sodium  it 
is  converted  again  into  diallyl  (Berthelot  and  De  Luca).  When 
it  is  distilled  over  solid  caustic  potash,  dihromliexine,  CgHgBrg,  is 
formed,  a  liquid  possessing  a  peculiar  smell  and  a  bitter  pungent 
taste,  and  boiling  at  205° — 210°.^  This  unites  with  bromine, 
yielding  dibromlicxine  tetrahromide,  CgHgBrg,  a  compound 
crystallizing  from  alcohol  in  pearly  glistening  tablets,  which 
melt  at  76° — 77^. 

If  dibromhexine  be  heated  with  a  solution  of  caustic  potash 
in  absolute  alcohol,  dipropinyl  or  dijorojMrgyl,  CgHg,  is  formed,  a 

'^  Linnemann,  Ann.  Chem.  Pharm.  cxl.  180. 

2  Oppi^nheim,  Ber.  Deutsch.  Chem.  Ges.  iv.  672. 

3  Sorokiii,  B-iv.  Deutsch.  Chem    Qes.  xii.  2096. 

4  Jekyll,  Chem.  News,  sxii.  221. 

^  Schorlemmer,  Journ.  Chem.  Soc.  xix.  356. 

«  Henry,  Jahresh.  1878,  379. 

^  Tollens  and  Warner,  Ber.  Vevisch.  Chem.  Ges,  vi.  589. 

^  Henry,  Journ.  Prakt.  Cliem.  [2]  viii.  57. 
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mobile  highly  refractive  liquid,  which  has  a  penetrating  odour, 
and  boils  at  about  85°.  It  combines  energetically  with  bromine, 
yielding  the  tetrabromide  CgHgBr^,  a  thick  viscous  liquid,  which 
combines  with  more  bromine,  slowly  in  the  cold  and  quickly  on 
heating,  forming  dipropinyl  octohromidey  GgHgBrg,  a  compound 
possessing,  a  weak  camphor-like  smell,  melting  at  140° — 141°, 
and  crystallizing  from  carbon  disulphide  in  hard  triclinic  prisms 
or  tables. 

Silver  Dipropinyl,  CgH^Agg  +  SH^O,  is  formed  as  a  white 
amorphous  precipitate,  which  in  the  dry  state  detonates  when 
heated  to  100°. 

Cuprous  JDiproj^inyl,  CgH^Cua  +  SHgO,  is  a  yellow  coloured 
explosive  precipitate  which  when  ignited  burns  with  a  green 
flame,  evolving  showers  of  sparks. 

Dipropinyl  contains  two  atoms  of  hydrogen,  capable,  it  will 
be  seen,  of  replacement  by  metals,  and  has  accordingly  the 
following  constitution  '} 

CH=C.CH2.CH2.C=CH. 

Hexine  Tetra-iodide,  CgH^Ql^,  is  produced  when  diallyl  is  gently 
heated  with  iodine.  It  forms  colourless  crystals,  which,  how- 
ever, soon  become  coloured,  melts  above  100°,  and  has  an 
odour  resembling  that  of  ethylene  iodide  (Berthelot  and  De 
Luca). 

Eexine  Tetranitratej  Q^^^i^O^^  separates  out  in  white 
crystals  when  nitrogen  tetroxide  is  slowly  passed  into  a  mixture 
of  diallyl  and  absolute  ether  cooled  by  a  mixture  of  ice  and 
salt.2 

Diallyl  also  combines  readily  with  the  hydracids.  By  union 
with  two  molecules  of  the  hydracid,  pseudohexylene  compounds 
are  formed,  whilst  when  diallyl  combines  with  only  one 
molecule  compounds  of  methylisocrotyl  are  produced. 


Pseudohexylene  Compounds. 

795  Pseudohexylene  Chloride,  Q^^fi\.  This  compound,  also 
known  as  diallyl  dihydrochloride,  is  formed,  together  with  the 
monohydrochloride  or  methyl-isoci'otyl  chloride,  when  diallyl  is 

^  Henry,  Ber.  Deutsche  Chem,  Oes.  vi.  955  ;  yii.  21. 
2  Henry,  ih,  ii.  279. 
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heated  for  some  hours  to  100°  with  fuming  hydrochloric  acid. 
It  is  an  oily  liquid  boiling  between  170°  and  180°.^ 

Pseudohexylene  Iodide^  CJl^^^y  ^^  obtained  in  a  corresponding 
way  to  the  chloride,  and  is  a  heavy  liquid,  which  decomposes  on 
heating.  When  brought  in  contact  with  silver  acetate  suspended 
in  ether,  ;pseitdohexylene  diacetate,  G^-^^^G^^O^)^,  is  formed, 
a  thick,  aromatic-smelling  liquid  which  boils  at  225° — 230°.  At 
the  same  time  the  monacetate,  C6Hj2(OH)C2H302,  is  formed,  and 
this  boils  at  210". 

Fseudohexylene  Glycol,  C^^^{0']1)^,  is  obtained  by  decomposing 
the  above  mixture  of  acetates  with  potash.  It  forms  a  syrupy 
liquid,  which  is  soluble  in  water  and  boils  at  212° — 215° 
(Wurtz). 

Pseudohexylene  Oxide,  CgH^^O,  is  formed,  together  with  some 
methyl-isocrotyl  alcohol,  by  acting  with  silver  oxide  on  the 
iodide,  or  with  sulphuric  acid  on  diallyl,  diluted  with  petroleum 
ether  (p.  466),  in  which  latter  case  it  is  dissolved  in  the  acid, 
together  with  polymerides  of  diallyl,  and  is  separated  by  means 
of  water.  It  is  a  mobile  liquid,  which  boils  at  93°,  and  has  a 
refreshing  peppermint-like  smell.  When  it  is  heated  with 
hydriodic  acid,  a  hexyl  iodide  is  formed,  which  boils  at  165°— 
167°,  and  yields  normal  hexane  by  the  action  of  zinc  and  hydro- 
chloric acid. 

Pseudohexylene  Chlorhydrate,  G^^^(0'E)Q\  is  a  heavy,  oily 
liquid  formed  by  the  union  of  diallyl  and  hypochlorous  acid 
(Henry). 


Methyl-Isocrotyl  Compounds. 

796  Methyl'IsocTotyl  Chloride,  CgH^iCl,  boils  at  130°— 140°, 
and  as  yet  has  not  been  obtained  pure. 

MethyUIsocrotyl  Iodide,  CgH^^I,  is  formed  together  with 
pseudohexylene  iodide,  and  is  a  liquid  boiling  at  164° — 166°. 

Methyl-isocrotyl  Monacetate,  ^^^{^^{Q^fi^^  is  obtained 
together  with  the  diacetate  described  above,  and  is  a  pleasantly- 
smelling  liquid  which  boils  at  154° — 155°. 

Methyl-isocrotyl  Alcohol,  CgHijOH,  is  obtained  by  the  decom- 
position of  the  acetate  with  caustic  potash,  and  is  a  pleasantly- 

^  "Wurtz,  Amu  Chim,  Phys,  [4],  iii.  129. 
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smelling  liquid  which  boils  at  140°,  and  at  0'  has  a  specific 
crravity  of  0'8604  (Wurtz).  As  has  already  been  stated,  this 
compound,  which  is  also  known  as  diallyl  hydrate,  is  undoubtedly 
identical  with  the  alcohol  obtained  from  methyl-isocrotyl  ketone, 
which  has  already  been  described  (p.  412). 


HEPTINE  COMPOUNDS. 

797  Fenty I- Acetylene  or  Oenanthylidene,  C^H^^C^CH,  was  first 
obtained  by  Limpricht  from  oenanthol  (heptaldehyde),  and  is  an 
alliaceous  smelling  liquid,  which  boils  at  106° — 108°,  and 
forms  a  liquid  dibromide  and  tetrabromide.-"-  Its  silver  com- 
pound is  formed  as  a  white,  and  its  cuprous  compound  as  a 
yellow,  precipitate.^ 

Tetramethyl-IsoaUylene,  (CH3)2C=C^=C  (0113)2,  has  been  pre- 
pared by  Henry  from  diisopropyl  ketone.  It  is  a  liquid  which 
boils  at  about  70°,  yields  no  metallic  compounds,  and  has  a  very 
unpleasant  smell.  ^ 

Methyl-Fro'pyl'IsoallylenG,  CHa.CH^^C^^CH.CgH^,  occurs  as 
one  of  the  constituents  of  resin  spirit,  and  is  a  liquid  boiling 
between  103°  and  104°.  It  yields  a  volatile  tetrabromide,  and 
unites  with  water  to  form  the  glycol,  CH3.CH=C(0H).CH(0H) 
C3H7  +  HgO,  which  forms  brilliant  crystals,  and  loses  its  water 
at  100°.  The  anhydrous  compound  melts  at  89°-5,  and  boils  at 
195°-6.  When  it  or  the  hydrocarbon  is  oxidized  with  nitric  acid, 
dinitroheptylene,  Q"^x^^O^^,  is  formed,  together  with  carbon 
dioxide,  acetic  acid,  butyric  acid,  and  succinic  acid.  This  nitro- 
compound crystallizes  from  alcohol  in  glistening  tables  which 
melt  at  182°.^ 

1  Ruliien,  Ann,  Chcm.  Pharm.  cxlii.  294. 
-  Bruylants,  Ber.  Deutsch.  Chcm.  Ges.  viii.  409. 
3  Ber.  BeuUch.  Chem.  Ges.  viii.  400. 
*  Morris,  Joitrn.  Chem.  Soc.  1882,  i.  167. 
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The  higher  homologues  of  this  series  have  been  but  little 
examined.     Of  these  the  following  are  known; 


^  Caprylidene 
^  Rutylene  ) 

^' Diprojoylbutine  r 
^  Decenylene        J 
^  Nonyl-acetylene 
^  Benylene 
"^  Cetenylene 
^  Eikosylene 

These  are  all  liquid  at  the  ordinary  temperature.  Besides 
the  above  a  number  of  other  hydrocarbons  are  known,  having  the 
general  formula  CnHg^ — 2,  but  belonging  to  other  series. 

^  Eubien,  Aim,  Chem.  Pharm.  cxlii.  299. 

^  Bauer,  ib.  cxxxv.  344. 

3  Reformatsky,  Journ.  PraH.  Chem.  [2],  xxvii.  389. 

4  Reboul  and  Trnchot,  ib.  cxliv.  248. 

^  Giesecke,  Zeitsch.  Chem.    1870,   431  ;  Bruylants,  Ber,  Deutsch.    Chem,  Qes. 
viii.  413. 

^  Bauer  and  Verson,  Ann.  Chem.  Pharm.  cxlvii.  252. 

^  Chydenius,  ib.  cxliii.  268. 

s  Lippmann  and  Hawiliczek,  Per.  Deutsch,  Chem.  Ges.  xii.  69, 
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314°— 315° 
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PROPINYL  COMPOUNDS. 

798  These  stand  in  the  same  relation  to  allylene,  as  the  allyl 
compounds  do  to  propylene.  They  contain  the  monovalent 
Ta.dicQl,  propinyl,  CH~C — CH^ — ,  in  -which  one  of  the  atoms 
of  hydrogen  may  be  replaced  by  silver,  and  on  this  account 
Liebermann  has  given  to  it  the  name  of  propargyl} 

Fropinyl  Jlcohol,  C3H3.OH,  is  formed  by  heating  y8-bromallyl 
alcohol  with  caustic  potash  and  a  little  water.  The  liqtiid 
is  then  saturated  with  carbon  dioxide,  and,  after  the  addition 
of  some  water,  is  subjected  to  distillation.  The  alcohol  is 
separated  from  the  distillate  by  means  of  carbonate  of  potash 
and  is  then  dried  over  caustic  lime.^  It  is  a  liquid  possessing  a 
pleasant  smell,  boiling  at  114° — 150°,  and  having  a  specific  gravity 
of  0*9628  at  21°.  It  combines  with  hydrobromic  acid  forming 
bromallyl  alcohol,  whilst  with  bromine  it  forms  dibromallyl  alco- 
hol. With  ammoniacal  silver  solution  it  gives  a  white  precipitate 
of  CgH2Ag(0H),  which  blackens  on  exposure  to  light,  and 
burns  explosively  when  gently  heated.  The  cuprous  compound, 
Cu2(C3H20H)2,  is  a  yellow  explosive  precipitate,  which  is  de- 
composed by  dilute  acids  with  re-formation  of  the  alcohol ;  on 
treatment  with  nitric  acid  it  takes  fire. 

When  the  alcohol  is  heated  with  caustic  potash  the  following 
reaction  takes  place : 

CH    C.CH2.OH    4    HOK   =   CH    CH   +   CHO.OK  +  H^. 

Ethijl-Propinyl  Ether,  CgH^.O.CgHg,  was  prepared  by  Lieber- 
mann ^  by  boiling  tribromhydrin  or  brompropylene  bromide 
with  alcoholic  potash  solution.     It  may  also  be  prepared  in  the 

^  Ann.  (Jhem.  Pharm.  cxxxv.  278. 

2  Hetiry,  Ber.  Deuisch.  Chem.  Ges.  v.  569  ;  vr.  728.  »  Loc,  ciL 
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same  way  from  trichlorhydrin,i  chlorpropylene  bromide,  chlor- 
dibromhydrin/  epichlorhydrin,  allylene  dibromide,^  or  ethyl- 
dibromallyl  ether.^  It  is  a  liquid  which  possesses  a  penetrating 
smell,  boils  at  80°,  and  at  7°  has  a  specific  gravity  of  0"83. 

When  concentrated  silver  nitrate  solution  is  added  to 
a  solution  of  this  ether  in  alcohol,  a  crystalline  precipitate  is 
formed  of  (C3H2AgOC2H5)2AgN03,  and  this  is  transformed  by 
ammonia  into  the  amorphous  compound  CgHgAgOC^Hg.  An 
ammoniacal  solution  of  silver  chloride  forms,  with  the  ether,  the 
compound  (CgHgAgOCgHJaAgCl,  a  white  curdy  precipitate, 
whilst  the  cuprous  compound  is  yellow  and  amorphous. 

If  the  amorphous  silver  compound  be  treated  with  a 
solution  of  iodine  in  potassium  iodide,  ethyl-iodpro^pinyl  etheVj 
CgHg.O.CgHgl,  is  formed,  an  oily  liquid  having  an  unpleasant 
smell ;  it  solidifies  on  cooling,  and  combines  with  one  molecule 
of  bromine  or  iodine,  forming  oily  compounds. 

Exactly  as  allylene  unites  with  water  in  the  presence  of 
mercury  bromide  to  form  acetone,  so  ethyl-propinyl  ether 
combines  with  water  yielding  the  ether  CHg.CO.CHg.OCgH^, 
which  is  a  liquid  boiling  at  128°,  and  possessing  a  peculiar 
smell  and  burning  taste.  The  corresponding  'pyriivyl  alcohol, 
CH3.CO.CH2OH,  which  stands  in  the  same  relation  to  pyrora- 
cemic  acid  as  alcohol  does  to  acetic  acid,  is  obtained  by  a  similar 
reaction  from  propinyl  alcohol,  but  it  has  not  been  more  closely 
examined.^ 

Proinnyl  Chloride,  C3H3CI,  is  formed  by  the  action  of  phos- 
phorus trichloride  on  the  alcohol,  and  is  a  very  mobile  liquid, 
which  has  an  unpleasant  smell.  It  boils  at  65°,  and  at  5°  has 
a  specific  gravity  of  1-0454.® 

Propinyl  Bromide,  CgHgBr,  is  prepared  from  the  alcohol  and 
phosphorus  tribromide.  It  boils  at  88°— 90°,  and  has  at  11°  a 
specific  gravity  of  1-59.  A  certain  quantity  of  the  additive 
product,  CgH^Bra,  is  always  formed  together  with  the  bromide. 
Propinyl  bromide  unites  with  bromine  to  form  the  liquid  products 
CgHgBrg  and  CgHgBr^.^ 
^     Propinyl  Iodide,  C3H3I,  crystallizes  from  alcohol  in  fine,  in- 

^  Baeyer,  Ann.  Chem.  Pharm   cxxxviii.  196. 

2  Oppenheim,  ib.  Suppl.  vi.  372. 

3  Liebermami  and  Kretschmer,  ib.  clviii.  230. 

*  Hemy,  Ber.  Beutsch.  Chem.  Gcs,  v.  274. 

*  Henry,  Compt.  Rend,  xciii.  421. 

^  Henry,  Ber.  Deutsch.  Chem.  Gcs.  viii.  398. 
^  Ih.  vi.  728;  vii.  761. 
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terlaced  needles,  which  turn  brown  in  the  light,  melt  at  48°— 49°, 
and  decompose  when  more  strongly  heated.^ 

Fropinyl  Acetate,  03113.(0 CgHgO),  is  formed  by  the  action  of 
acetyl  chloride  on  the  alcohol,  and  is  a  somewhat  unpleasantly 
smelling  liquid,  which  boils  at  124° — 125°,  and  at  12°  has  a 
specific  gravity  of  1*0031.^  In  presence  of  mercury  bromide 
it  readily  combines  with  water,  forming  pyruvyl  acetate, 
CH3.GO.CH2.O.C2H3O,  a  compound  which  is  also  formed  by 
heating  monochloracetone  with  potassium  acetate ;  it  is  a  liquid 
boiling  at  about  175°  and  possessing  a  refreshing  smell.^ 

It  is  remarkable  that  whilst  the  allyl  compounds  boil  at  the 
same  temperature  as  the  corresponding  propyl  compounds,  and 
therefore,  the  loss  of  two  atoms  of  hydrogen  has  no  influence 
on  the  volatility,  a  further  separation  of  2  atoms  of  hydrogen 
raises  the  boiling-point,  inasmuch  as  the  propinyl  compounds 
boil  from  18°  to  20°  higher  than  the  corresponding  compounds 
of  the  two  other  series  (Henry). 

Propinyl  alcohol  is  the  only  primary  alcohol  of  this  series 
known.  One  secondary,  and  several  tertiary  alcohols,  have, 
however,  been  prepared. 

799  I^'i'My^  Carhinol,  (C3H5)2CII.OH.  For  the  preparation  of 
this,  a  mixture  of  one  volume  of  ethyl  formate  and  two  volumes 
of  allyl  iodide  is  added  to  an  excess  of  zinc,  when  a  brisk  reaction 
sets  in.  The  product  is  allowed  to  stand  overnight,  and  then 
a  large  quantity  of  water  is  added,  which  acts  quietly  upon  it 
and  hardly  causes  any  evolution  of  gas.  The  alcohol  is  then 
obtained  by  distillation  and  is  dried  over  potassium  carbonate. 
The  formation  of  the  diallyl  carbinol  doubtless  takes  place  by 
the  following  reactions.  Allyl  zinc  iodide  is  first  formed,  and 
this  unites  with  the  ethyl  formate : 

COH(OC2H5)  -f  2C3H5ZnI  =  Zn(OC2H5)I  +  C(C3H5)2H.OZnI. 

And  the  latter  compound  is  decomposed  by  water  thus  : 

C(C3H5)2H.OZnI  -h  HgO  =  G(G^n,)^'iI,OB.  +  Zn  (OH)I. 

Diallyl  carbinol  is  an  aromatic  smelling  liquid  which  boils  at 
151°,  and  at  0°  has  a  specific  gravity  of  0-8758.^  Phosphorus 
pentachloride  transforms  it  into  the  chloride  CyH^^Cl,  which 
smells  of  turpentine,  and  boils,  with  decomposition,  at  144°.    On 

^  Ser.  Deuisch.  Chem.  Ges.  viii.  398. 

2  2ft.  yi  729.  3  75.  y.  966  ;  xiv.  2272. 

*  M.  Saytzew,  Ann.  Chem.  Fharm.  clxxxv.  129 ;  Kanonikow  and  A.  Saytzew, 

ib.  clxxxv.  148. 
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treatment  with  alcoholic  potash  this  yields  kept  one  ^  C^Hjq,  a  liquid 
which  smells  like  petroleum,  boils  at  1 1 5°,  and  unites  with  bromine 
forming  an  oily  hexbromide. 

Methyl  Diallyl  Carhinol^  (C3Hj^)2C(CH3)OH,  is  prepared  from 
ethyl  acetate,  allyliodide  and  zinc,  and  is  a  peculiarly  smelling 
liquid,  which  boils  at  158°*4,  and  has  at  0°  a  specific  gravity  of 
0'8638.  Potassium  permanganate  oxidizes  it  to  carbon  dioxide 
and  /5-methyl-oxyglutaric  acid  :  ^ 

/CH^-CH— CH^  /CH2.CO2H 

CH^.CCOH)  +  5O2    =     CH3.C(0H) 

\CH2.CH=CH2  XCH^-CO^H 

+     2CO2     +     2Ufi. 

Homologues  of  this  tertiary  alcohol  are  obtained  when  the 
ethyl  salts  of  other  fatty  acids  are  subjected  to  the  above 
reaction.     Up  to  the  present  the  following  have  been  prepared  : 

B.P. 

2  Ethyl  diallyl  carbinol,  (C3H5)2C(C2H5)OH  175°— 176" 

3  Propyl  diallyl  carbinol,        lo^B.^)filGfi^)OB.  194° 

^  Isopropyl  diallyl  carbinol,    (C3H,)2C[CH(CH3)2]OH.   182°-185' 

On  oxidation  with  potassium  permanganate  these  are  spHt  up 
in  a  manner  analogous  to  methyl  diallyl  carbinol. 


ACIDS  OF  THE  SERIES  CnHsa-A- 

800  Propiolic  Acid,  or  Propargylic  Acid,  CgHgOg.  When  either 
dibromsuccinic  acid  or  isodibromsuccinic  acid  is  decomposed 
with  an  excess  of  alcoholic  potash,  acetylene  diearhoxylic  acid^ 
C2(C02H)2,  is  produced  ;  this  forms  long  crystals  which  contain 
two  molecules  of  water  and  effloresce  in  the  air.^  It  combines 
with  nascent  hydrogen  forming  succinic  acid,  and  with  bromine, 
yielding  dibrom-fumaric  acid.^  When  the  aqueous  solution  of 
this  acid  is  gently  heated,  carbon  dioxide  is  evolved,  and  propiolic 
acid  is  produced  : 

CO^H.C^O.CO^H    =     CO2    +    HC^C.CO^H, 

^  Sarokin,  Zieh.  Ann.  clxxxv.  169  ;  Journ.  Russ.  Chem.  Ges.  ix.  12 ;  xi.  388. 

^  Smirensky,  Journ.  Russ.  Ghern.  Ges.  sii.  488. 

^  P.  and  A.  Saytzew,  lAeh.  Ann.  cxciii.  362. 

^  Rjabinin  and  A.  Saytzew,  ih.  cxcvii.  70. 

"  Bandrowsky,  Ber.  Beutsch.  Chem.  Ges.  x.  838.  *  lb.  xii.  2212. 
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Oa  evaporating  the  solution  this  acid  remains  as  a  crystaUine 
mass  ^Yhich  melts  at  154°. 

Potassium  Fropiolate,  CgHKOg,  is  formed  "when  the  solution 
of  acid  potassium  acetylene  dicarboxylate  is  heated.  It  crystallizes 
ia  glistening  hexagonal  prisms  which  detonate  "when  heated 
to  105°.  Its  aqueous  solution  yields  a  glistening  crystalline 
precipitate  "with  ammoniacal  silver  nitrate,  "whilst  the  precipitate 
produced  by  ammoniacal  cuprous  chloride  has  a  siskin-green 
colour.  Both  compounds  decompose  Avith  explosion  "when 
heated.^ 

Tdrolic  Acid,  C^H^Og,  was  obtained  by  Geuther  by  boihng 
j8-chlorcrotonic  acid  with  potash  solution  :  ^ 

CH3.CC1=CH.C02H    =     CH3.C  =  :'C02H     +    HCL 

The  sodium  salt  is  formed  by  the  direct  union  of  sodium 
allyhde  and  carbon  dioxide.^ 

For  the  preparation  of  the  acid,  use  is  made  of  the  mixture 
of  the  two  ethyl  chlorcrotonates  obtained  by  the  action  of 
phosphorus  pentachloride  on  ethyl  acetacetate  (p.  406),  since,  as 
Geuther  has  pointed  out,  the  chlorisocrotonic  acid  is  not  attacked 
by  boihng  potash.* 

Tetrolic  acid  dissolves  readily  in  water,  alcohol  and  ether,  aad 
crystallizes  in  well-formed  broad  tables,  which  melt  at  76°*5. 
It  boils  at  203°,  and  at  a  few  degrees  above  this  decomposes 
into  carbon  dioxide  and  allylene.  It  is  not  volatile  in  a  current 
of  aqueous  vapour.  Its  silver  salt  decomposes,  even  in  the  cold, 
into  silver-ally  lid  e  and  carbon  dioxide. 

8oi  SotUc  Acid,  CgHgOg-  When  the  juice  which  has  been 
partially  saturated  with  lime  in  the  preparation  of  maH-e^\cid  from 
mountain-ash  berries  is  evaporated,  it  gives  off  a  peculiar  pene- 
trating odour.  G.  Merck  found  that  this  is  due  to  the  presence  of 
an  oily  liquid,  which  he  termed  ''mountain-ash  oil,"  and  Hofmann 
examined  this  product  more  closely.  When  freshly  distilled  it  is 
a  bright  colourless  liquid,  possessing  a  faintly  aromatic  odour. 
The  vapour,  however,  when  concentrated  has  a  repulsive  odour, 
and  when  inhaled  causes  stupefaction.  It  acts  like  a  weak  acid, 
but  when  heated  with  caustic  potash,  it  passes  into  a  crystalhne 
well-defined  acid  of  the  same  composition.  This  is  also  formed 
by  boiling  the  oil  with  strong  hydrochloric  acid,  or  heating  it 

1  Ber.  Deutsch.  Chem.  Ges.  xiii.  2340. 

2  Zeitsch.  Chem.  1871,  245. 

s  Lngermark,  Journ.  Muss.  Chem.  Ces.  xii.  290. 
*  Kahlbaum,  Ber.  Deutsch.  Chem.  Ges.  xii.  2337. 
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gently  with  concentrated  sulphuric  acid.  To  this  latter  acid 
Hofmann  has  given  the  name  oisorhic  acid,  whilst  he  distinguishes 
the  oil  as  loarasorhic  acid?- 

According  to  Fittig  and  Barringer,  the  oily  product  is  merely 
impure  sorbic  acid,  and  the  admixture  is  removed  by  the  treatment 
with  alkalis  or  acids.^ 

Sorbic  acid  is  scarcely  soluble  in  cold,  and  only  moderately 
soluble  in  hot  water,  but  dissolves  easily  in  alcohol  and  ether. 
It  crystallizes  from  boiling  dilute  alcohol  in  long  needles,  which 
melt  at  134°'5,  and  boils  at  228°,  but  decomposition  then  takes 
place,  an  odour  like  that  of  acrolein  being  given  off,  and  a 
resinous  mass  remaining  behind.  Sorbic  acid  combines  with 
nascent  hydrogen  forming  hydrosorbic  acid  (p.  414).  It  also 
unites  with  either  one  or  two  molecules  of  bromine.  Combined 
with  hydrobromic  acid  it  forms  dibromcaproic  acid,  whilst  with 
hydriodic  acid  it  forms  moniodcaproic  acid. 

Diallyl'Acctic  Acid,  (C3H5)2CH.C02H,  is  obtained  from  ethyl 
diallyl-acetacetate,  a  peculiarly  smelling  oily  liquid,  which  boils  at 
239° — 241°,  and  is  decomposed  by  potash  solution  yielding  ^m%Z 
acetone,  CH3.CO.CH(C3H5)2,  boiling  at  174° — 175°,  and  possessing 
an  unpleasant  smell,  together  with  diallyl  acetic  acid.^  This 
latter  is  an  oily,  strongly  acid,  unpleasantly  smelling  liquid, 
which  boils  at  221° — 222°,  and  is  oxidized  by  nitric  acid  to 
tricarballylic  acid. 

Diallyl-acetic  acid  is  also  formed  by  heating  diallyl-malonic 
acid,  (03115)20(00211)2,  a  compound  which  crystallizes  in  long 
prisms,  and  melts  at  133°.* 

D iallyl-Oxy acetic  Acid,  (03H5)20(OH)0O2H.  This  compound, 
known  as  diallyl- oxalic  acid,  is  obtained  by  the  action  of  zinc 
and  allyl  iodide  on  ethyl  oxalate.  It  crystallizes  in  needles,  which 
melt  at  48°-5.5 

802  Stearoleic  Acid,  O^gHogOg,  is  formed  by  the  action  of 
alcoholic  potash  on  dibromstearic  acid  obtained  from  oleic  or 
elaidic  acid.  It  crystallizes  from  alcohol  in  long  prisms  which 
nielt  at  48°,  and  distil  at  a  higher  temperature  almost  without 
decomposition.  It  combines  with  a  molecule  of  bromine  yielding 
liquid   dibromoleio  acid,  and  this  by  a  further  assumption  of 

^  Ann.  Chcm.  Pharm.  ex.  129. 

2  Ann.  Chem.  Pliarm.  clxi.  325. 

3  Wolff,  Ann.  Chem.  Pharm.  cci.  49  ;  Reboul,  Bull.  Soc.  Chim.  xxix.  228. 
*  Conrad  and  Bischoff,  Ann.  Chem.  Pharm.  cciv.  170. 

^  M.  Saytzew,  ib.  clxxxv.  183. 
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bromine  passes  into   tetrabromstearic  acid,  CigHg^Er^Og,  crystal- 
lizing in  large  plates  which  melt  at  about  70°^ 

Nitric  acid  oxidizes  stearoleic  acid  to  stearoxylic  acid,  CioH^oO. 
which  crystaJhzes  from  alcohol  in  small  glistening  plates,  and 
melts  at  86°.  At  the  same  time  azelaic  acid  and  its  aldehyde 
are  also  formed.^  Limpach  was  imable  to  obtain  the  last-named 
compound,  but  found,  in  addition  to  the  two  acids  named,  also 
pelargonic  acid  and  nitric-oxide-pelargonic  acid  (Part  I.,  pp. 
660,  661).2 

If  stearoleic  acid  be  fused  with  potash  at  a  low  temperature, 
an  acid  is  formed  which  is  either  hypogseaic  acid,  C^gHg^Og,  or  an 
isomeride  of  this  ;  at  a  higher  temperature  myristic  acid,  C^^HggOg, 
is  formed.^ 

The  homologues  of  oleic  and  elaidic  acid,  may,  like  these  acids 
themselves,  be  converted  into  acids  containing  less  hydrogen, 
and  these  latter  are  also  formed  from  the  doubly  substituted 
fatty  acids.  In  their  chemical  relations  these  closely  resemble 
stearoleic  acid. 

The  following  acids  of  this  series  have  been  prepared  : 

M.P. 
*  Undecolic  acid  C^-^H^gOg  Small  plates.  59°'5 
^Myristolic  acid        Cj^H^^Og  —  12° 

^  Palmitolic  acid,       Gj^oH^fi^  Needles.  42° 

^  Behenolic  acid,        C22H^o^2  Needles.  57°  5 

Zinoleic  Acid,  G^LgHggOg,  occurs  as  glyceride  in  linseed  oil,  and 
other  drying  oils  (p.  478).  Sacc  was  the  first  to  point  out  that 
this  acid  differs  from  the  oleic  acid  contained  in  other  oils  and 
fats,  but  he  did  not  succeed  in  obtaining  it  in  the  pure  state.^ 
It  was  then  subjected  to  a  more  careful  examination  by  Schiiler 
who  saponified  linseed  oil  with  soda  solution,  and  precipitated 
the  soap  with  calcium  chloride.  From  the  well-washed  precipitate 
the  calcium  linoleate  was  dissolved  by  ether.  The  ethereal 
solution  was  then  decomposed  by  means  of  hydrochloric  acid,  and 
the  ether  removed  in  a  current  of  hydrogen.  The  residual  acid 
had  a  dark  yellow  colour,  and  for  the  purpose  of  purification  was 
dissolved  in  alcohol,  the  solution  saturated  with  ammonia,  and 
then  precipitated  by  barium  chloride.  The  barium  linoleate 
thus  obtained  was  re-crystallized  from  ether,  and  then  converted 

1  Overbeck,  Ann.  Chem.  Pharm.  cxl,  39.  ^  Ih.  cxc.  297. 

"  Marasse,  Ber.  Beutsch.  Chem.  Ges.  ii.  359.  *  Kraft,  ih.  xi.  1414. 

=•  Masino,  Ann.  Chem.  Pharm.  cciL  175.  ^  Schroder,  ih,  cxliii   27. 

^  Haussknecht,  ih.  cxliu.  41.  ^  Ann.  Chem.  Pharm.  li   221. 
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into  the  acid  hy  a  treatment  corresponding  to  that  described  for 
the  calcium  salt.^ 

Linoleic  acid  is  a  thin  oily  liquid,  which  has  a  faint  yellow 
colour,  and  refracts  light  powerfully.  It  remains  liquid  at 
— 18°,  and  at  14°  has  a  specific  gravity  of  0*9206.  It  possesses 
a  faintly  acid  reaction,  and  its  taste  is  at  first  pleasant,  but 
afterwards  harsh.  When  treated  with  nitrous  acid,  it  does  not 
yield  a  solid  product.  Schiiler  obtained  on  analysis  numbers 
corresponding  to  the  formula  given  above,  and  his  results  were 
confirmed  by  Mulder.  According  to  Siissenguth,''^  its  formula  is 
C'iG-^-2G^2'  "^^'fiilst  Oudemans  obtained  by  Schiller's  method  an 
acid  from  poppy  oil  which  had  the  same  composition  as  that  got 
from  linseed  oil.^ 

Linoleic  acid  is  oxidized  to  suberic  acid  by  means  of  nitric 
acid  (Sacc).  When  exposed  to  the  air  it  absorbs  oxygen,  and  is 
finally  transformed  into  linoxyn,  ^z^tfiiv  ^  ii^utral,  amorphous, 
elastic  mass,  which  is  insoluble  in  alcohol  and  ether,  but  swells 
up  and  dissolves  in  a  mixture  of  alcohol  and  chloroform.* 

The  salts  of  linoleic  acid,  which  are  unstable  and  oxidize 
easily,  have  been  but  little  examined. 

Elceomargaric  Acid,  C^^HgoOg.  This  acid,  together  with  its 
isomeride,  el^olic  acid,  occurs  as  glyceride  in  the  oil  from  the 
seeds  of  Elceococca  Vernicia.  It  forms  rhombic  tables  which 
melt  at  48°,  and  absorbs  oxygen  from  the  air  and  becomes 
resinous.  Its  alcoholic  solution  deposits  on  exposure  to  light, 
the  isomeric  compound,  Elceostearic  acid,  melting  at  71°.  Both 
these  acids  when  heated  in  an  atmosphere  of  hydroo^en  to 
175° — 180°  are  transformed  into  liquid  elceolic  add!" 
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803  Linseed  Oil  is  obtained  in  large  quantities  from  the  seed  of 
fiax  (Limwi  usitatissimum),  especially  in  England,  Holland,  and 
Russia.  It  has  a  peculiar  smell  and  taste,  and  contains  about 
eighty  per  cent,  of  trilinolein,  together  with  triolein,  trimyristin, 
and  tripalmitin  (Mulder). 

J  Ann.  Chem.  Pharm..  ci.  252.  "  Zeitseh.  Chem.  1865,  563 

I  J^!;hresh.  1858,  304.  4  Mulder,  ih.  1858.  323. 

Cloer,  Bull.  Soc.  Chim.  [2],  xsvi.  286  ;  xxviii.  24  ;  Jahresb.  1878,  738. 
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When  a  thin  layer  of  the  oil  is  exposed  to  the  air,  it  takes  up 
oxygen,  the  glycerin  being  oxidized  to  carbon  dioxide,  formic 
acid  and  acetic  acid,  and  finally  an  elastic  mass  remains  behind 
which  is  a  mixture  of  linoxyn  with  the  fatty  acid,  and  oleic  acid, 
or  the  oxidation  products  of  these. 

"When  linseed  oil  is  boiled  in  presence  of  air,  it  forms  linseed 
oil  varnish,  which  dries  more  rapidly  than  the  unboiled  oil. 
According  to  Mulder,  a  portion  of  the  trilinolein  is  thus 
decomposed,  and  the  linoleic  acid  passes  into  an  elastic 
caoutchouc-like  mass,  which  he  terms  linoleic  anhydride. 

By  continued  boiling  this  is  formed  in  large  quantity,  and  a 
mass  is  obtained  which  may  be  drawn  out  into  long  threads,  is 
very  sticky,  and  does  not  produce  a  fatty  stain  on  paper.  It  is 
used  in  the  manufacture  of  printers'  ink. 

The  varnish  ordinarily  used  for  oil  colours  is  prepared  by 
boiling  linseed  oil  with  three  per  cent,  of  litharge  or  red  lead, 
when  the  above  reaction  takes  place,  and  lead  linoleate  is  also 
formed,  which  adds  to  the  hardness  of  the  varnish. 

In  consequence  of  the  presence  of  lead,  such  varnish  darkens 
after  a  time  if  exposed  in  places  where  sulphuretted  hydrogen  is 
evolved.  To  avoid  this,  a  varnish  free  from  lead  may  be  used, 
prepared  by  using  oxide  of  manganese.  The  borate  serves,  how- 
ever, better  than  the  oxide  for  this  purpose.  If  100  parts  of 
linseed  oil  be  heated  with  1'5  parts  of  manganese  borate  for  a 
quarter  of  an  hour,  not  quite  to  the  boiling  point,  a  varnish  is 
obtained  which  dries  in  twenty-four  hours. 

Linseed  oil  is  also  largely  used  for  the  preparation  of  oil 
varnishes,  which  are  very  durable,  and  are  little  attacked  by 
heat  or  moisture.  These  are  prepared  by  adding  boiled  linseed 
oil,  which  has  been  prepared  without  lead  oxide,  to  melted 
amber,  copal,  or  other  gum,  and  then  diluting  with  oil  of 
turpentine. 

The  sulphur  balsam  of  the  pharmacopoeia  (Balsamicm 
Sulphuris  s.  Oleum  Lini  sulfiiratuvi),  is  prepared  by  boiling  one 
part  of  flowers  of  sulphur  with  six  parts  of  linseed  oil,  until  it 
forms  a  reddish-brown,  tough,  very  unpleasantly  smelling  mass, 
which  is  soluble  in  oil  of  turpentine.  In  this  operation  a  large 
quantity  of  sulphuretted  hydrogen  is  given  off,  together  with 
other  volatile  products,  of  which  one  has  been  isolated  by 
Anderson,  and  termed  by  him  odmyl.  This  is  a  mobile  re- 
fractive liquid,  which  contains  sulphur.  It  boils  at  about  71°, 
and  possesses  an  unpleasant  alliaceous  smell.^ 

1  Ann.  Chem.  Pharm.  Ixiii.  370. 
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Poppy  Oil  is  obtained  from  the  seeds  of  the  poppy  (Papaver 
somniferitm).  It  has  a  pleasant  taste,  and  is  therefore  much 
used  in  some  countries  for  cooking  purposes.  It  is  also  used 
in  the  manufacture  of  curd  soap,  and  for  the  preparation  of 
artists'  colours.  It  contains  the  glycerides  of  linoleic  acid,  oleic 
acid,  lauric  acid,  myristic  acid,  palmitic  acid,  and  stearic  acid. 

Walnut  Oil  is  used  for  the  same  purposes  as  poppy  oil,  from 
which  it  differs  by  containing  no  tripalmitin  or  tristearin. 

Hemp  Oil  is  obtained  in  large  quantity,  especially  in  Russia, 
from  the  seed  of  hemp  (Cannabis  saliva).  It  has  a  greenish  or 
brownish-yellow  colour  and  smells  strongly  of  hemp.  It  is  used 
in  the  preparation  of  soft  soap  and  in  the  manufacture  of 
varnish  for  dark  colours. 

Bankune  Oil  (Huile  de  Bancoul)  is  prepared  from  the  kernel 
of  the  nut  of  the  candleberry-tree  (Aleurites  triloba),  which 
is  indigenous  to  the  Moluccas  and  the  South  Sea  Islands, 
but  is  now  cultivated  in  other  tropical  countries  for  the  sake  of 
its  nuts,  which  have  a  taste  similar  to  walnuts,  and  when  dried 
are  used  by  the  South  Sea  Islanders  instead  of  candles.  They 
yield  an  oil  which  serves  excellently  for  the  preparation  of 
oil  colours,  but  as  yet  it  has  come  but  httle  into  European 
commerce. 

Chinese  Wood  Oil  is  obtained  by  pressure  from  the  seeds  of 
Aleurites  cordata  s.  Elceocoeca  Vernicia  which  is  indigenous 
to  China  and  Japan.  It  is  used  for  painting  ships,  for  the 
preparation  of   varnish,  and  also  in  medicine. 


COMPOUNDS  OF  TETEAD  ALCOHOL  RADICALS. 

Of  these  only  the  follo-vving  one  is  known  : 

804  Erythrite  C^Hg(0H)4,  was  prepared  in  1848  by  Stenhouse 
from  several  kinds  of  lichen  and  termed  Eo^ythi^oghccin,  Fscudorcin 
or  Erythromannite?-  Its  correct  formula  was  afterwards  deter- 
mined by  Strecker.2  Lamy  having  about  the  same  time  de- 
scribed a  substance  to  which  he  gave  the  name  of  Phycite,^ 
found  in  the  alga  Protococcus  vulgaris,  frequently  covering  the 
stems  of  trees,  &c,,  and  closely  related  to  the  so-called  red 
snow  {P.nivalis).  R.  Wagner  suggested  that  phycite  is  identical 
with  erythrite,^  and  Lamy  afterwards  showed  that  this  is  the 
case.^ 

The  lichens  from  which  erythrite  is  obtained  are  of  a  species 
of  orchella  weed  such  as  Eoccella.  These  are  used  in  the  pre- 
paration of  archil,  and  contain  eryihrin,  CgoHggO^Q,  which  is  an 
orsellinate  of  erythrite,  and  is  decomposed  into  this  acid  and 
erythrite  when  boiled  with  baryta-water  or  milk  of  lime  : 

(C^H^OJAHeCOH),  +  2H,0  =  2C3H3O,  +  C,H,(OH), 

Eor  the  preparation  of  erythrite,  R.  tinctoria  or  B.  fitciformis 
is  treated  with  dilute  milk  of  lime,  filtered,  and  the  solution 
precipitated  with  hydrochloric  acid.  The  precipitate  is  well 
washed  with  water,  and  then  boiled  for  several  hours  with  milk 
of  lime ;  it  is  then  filtered,  the  solution  concentrated,  and  the 
lime  removed  by  carbon  dioxide.  The  solution  is  next 
evaporated  to  a  syrup,  mixed  with  sand,  and  treated  with  ether, 
in  order  to  remove  orcin,  C^TLfi^,  which  is  a  product  of  decom- 
position of  orsellinic  acid.  The  erythrite  is  extracted  from  the 
residue  with  water  and  precipitated  from  the  concentrated  solu- 
tion by  the  addition  of  alcohol.     It  is  then  washed  with  cold 

^  Phil.  Tram.  1848,  76  ;  1849,  399.  ^  j_nn.Chem.  Pharm.  Ix^'iii.  111. 

3  Ann,  Chim.  Phys.  [3],  xxxv.  138.  *  Jo^crn.  Prald.  Chem.  Ixi.  125. 

"  Ann.  Chim.  Phys.  [3J  li.  232. 
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alcohol  and  recrystallized  from  its  hot  aqueous  solution  after 
treatment  with  animal  charcoal.-'- 

De  Luynes  obtained  it  in  the  following  way  from  E.  Montagnei. 
The  erythrin  prepared  from  the  lichen  is  heated  with  milk 
of  lime  to  150°  in  an  iron  vessel,  air  being  excluded.  The 
filtrate  freed  from  lime  is  concentrated  in  order  that  the  orcin 
may  crystallize  out,  and  a  mixture  of  orcin  and  erythrite  is 
obtained  from  the  mother-liquor,  these  being  then  sej^arated  by 
means  of  ether.  The  residual  erythrite  is  dissolved  in  the 
smallest  possible  quantity  of  water  and  about  one-third  part  its 
volume  of  alcohol  added.  The  small  crystals  which  separate 
out  are  dissolved  in  water,  animal  charcoal  added,  the  liquid 
filtered,  and  the  hot  concentrated  solution  decomposed  by  adding 
one-fifth  part  its  volume  of  alcohol,  when,  on  cooling,  fine  large 
crystals  separate  out.^ 

Orcin  and  erythrol  may  also  be  separated  by  means  of  boiling 
benzene,  in  which  the  last  named  is  insoluble.^ 

Erythrol  dissolves  readily  in  water  and  crystallizes  in 
quadratic  prisms  which  have  a  sweet  and  cooling  taste.  It 
is  not  fermentable  by  yeast  and  does  not  reduce  copper  salts ;  it 
melts  at  120°  (Hesse)  and  volatilizes,  with  partial  decompo- 
sition, at  about  300°.  When  heated  with  concentrated  hydri- 
odic  acid  it  is  transformed  into  secondary  butyl  iodide  (Part  I. 
p.  582),  whilst  when  heated  with  concentrated  formic  acid 
to  230°  it  yields  hittine,  C^Hg,  the  radical  of  erythrite,  whilst  at 
the  same  time  Mttine  glycol,  C^Hg(0H)2,  a  thick  liquid  boiling 
at  199°— 200°,  and  its  monoformin,  C,Hg(0H)CH02,  boiling 
at  about  190°,  are  also  formed.^  Phosphorus  pentachloride 
converts  erythrol  into  the  corresponding  chloride,  a  body 
already  described  as  butine  tetrachloride.  When  a  solution 
of  erythrol  is  treated  with  platinum  black  and  allowed  to  stand 
in  coutact  with  air,  erythritic  acid,  C3H4(OH)3C02H,  is  produced, 
and  this  forms  a  deliquescent  crystalline  mass.^  Dilute  nitric 
acid  oxidizes  erythrite  to  oxalic  acid  and  an  inactive  tartaric  acid. 
805  Erythrol  Dichlorhyclrin,  or  Butine  DicMorhydrate, 
0^11^012(011)2,  is  formed  in  feathery  crystals  when  erythrite 
is  heated  in  a  current  of  hydrochloric  acid  to  120° — 130°.^    It 

^  Hofmann,  Ber.  DeuUch.  Chem.  Ges.  vii.  512. 

2  Ann.  Chim.  Phys.  [4],  ii.  399. 

^  Stenbouse,  Journ,  Chcm.  Soc  [2],  v.  222. 

*  Henninger,  Bcr.  Deutsch.  Chcm.  Ges.  v.  1059. 

»  Sell,  Zeitsch.  Chem.  1866,  12. 

^  Przibytek,  Ber,  Deutsch.  Chcm,  Ges.  xiv.  2072. 
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is  also  produced  when  erythrite  is  heated  for  100  hours  to  100° 
with  ten  to  fifteen  times  the  quantity  of  fuming  hydrochloric 
acid  (De  Luynes).  This  result  is  produced  more  quickly  if  a 
temperature  of  120° — 130°  be  used  (Przibytek).  It  is  soluble 
in  water,  and  separates  from  ether  in  small  crystals  which  melt 
at  124°— 125°. 

Erythrol  JDihrmihydrin,  GJlQBr^{OYL)^,  is  obtained  when 
erythrite  is  heated  with  hydrobromic  acid  and  forms  crystals 
which  melt  at  130°  and  are  insoluble  in  water.^ 

Add  Butine  Tetrastolphate,  or  -Erythrol  Teti^asulplmiric  Acid, 
CgH^CSO^H)^,  is  produced  when  erythrol  is  dissolved  in  chlor- 
sulphonic  acid,  and  forms  a  heavy  white  mass  consisting  of 
small  prisms,  and  it  yields  also  crystalline  salts.^ 

Butine  letranitrate,  or  Nitroerythrolj  Q^^il^O.^^,  is  formed 
by  dissolving  erythrite  in  well-cooled,  concentrated  nitric  acid, 
and  then  precipitating  by  sulphuric  acid.  It  is  insoluble  in 
water,  but  crystallizes-  from  alcohol  in  large  glistening  plates, 
which  melt  at  61^,  and  when  more  strongly  heated  inflame  and 
burn  rapidly  with  a  dull  flame.  The  compound  explodes  on 
percussion,  and  is  transformed  by  alcoholic  ammonium  sulphide 
into  erythrite  again.^ 

When  erythrol  is  heated  with  organic  acids  the  ethereal  salts 
of  these  acids  are  obtained.  They  have,  however,  as  yet  not 
been  closely  examined.^ 

^  Champion,  Compt.  Rend.  Ixxiii,  114. 

2  Claesson,  Jotorn.  Prakt.  Chem.  [2],  xx,  7. 

'  Stenhouse,  Ann.  Chem.  Pharm.  Ixxx.  225  ;  cxx.  302. 

*  Berthelot,  Chim,  org.  sur  lesfo-ndie  sur  la  Synihcsef  ii.  224, 
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Mannitol,  or  Mannite,  CgH8(0H)g. 

806  The  compound,  formerly  known  as  manna  sugar,  and  now 
also  termed  a-hexone  alcohol,  was  discovered  in  manna  by  Proust 
in  1806.^  This  latter  consists  of  the  evaporated  sap  which 
exudes  from  various  species  of  ash  {Fraxinus  ornus  and  rotundi- 
folia),  some  of  which  are  cultivated  in  Southern  Europe  and 
in  Calabria  and  Sicily.  The  manna  which  the  Israelites  are 
said  to  have  used  as  bread  duriog  their  wanderings  in  the 
wilderness  probably  exuded  from  the  branches  of  the  Tamarix 
TYiannifera,  which  contains  no  mannite  but  a  fermentable  sugar, 
whilst  that  which  fell  from  heaven  probably  was  the  edible 
lichen,  Spaeroihallia  esculenta,  which  grows  in  Asia  Minor,  Persia, 
North  Africa,  &c.,  is  carried  in  masses  before  the  wind  forming 
a  rain  of  manna  (Luerssen).^ 

Mannite  occurs  widely  distributed  in  the  vegetable  kingdom, 
being  found  in  the  roots  of  celery,  in  monkshood  {Aconitum 
napdlus),  in  the  leaves  of  Syringa  vulgaris,  in  the  olive,  in 
the  bark  of  Canella  alba,  in  the  sap  of  the  larch  (Finus  Zarix), 
in  the  sugar-cane,  in  various  algas,  in  many  fungoid  growths,  &c. 
After  immoderate  water-drinking  it  is  found  in  the  urine.  It  is 
also  formed  in  the  lactic  and  mucous  fermentations  of  sugar,  and 
it  may  be  obtained  from  the  isomeric  saccharoses,  dextrose  and 
Isevulose,  C^H^gOg,  the  corresponding  aldehydes  (see  sugars,  &c). 

For  the  preparation  of  mannite,  manna  is  dissolved  in  half 
its  weight  of  boiling  water,  the  solution  clarified  with  white  of 
egg  and  filtered  boiling  hot.  The  mannite  which  crystallizes  out 
is  separated  from  the  liquor  by  pressure,  and  recrystallized  from 

^  Ann.  Chim.  Ixvii.  143. 
^  Beilsteiu,  Org.  Chem.  553. 
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hot  water,  after  treatment  of  the  solution  with  animal  charcoal. 
Mannite  may  also  be  extracted  from  manna  by  boiling  dilute 
alcohol,  and  the  crystals  which  separate  on  cooling  are  then 
recrystallized  from  water  or  alcohol.  Agaricus  integer,  a 
commonly-occurring  fungus,  may  also  be  used  as  a  source  of 
mannite,  it  containing,  in  the  dry  state,  from  nineteen  to 
twenty  per  cent,  of  this  substance. 

Mannite  has  a  pleasant  sweet  taste,  and  dissolves  at  16°*5  in 
6*22  parts  of  water.  It  is  much  more  readily  soluble  in  boiling 
water,  and  crystallizes  in  small  rhombic  prisms.  It  is  much  less 
soluble  in  alcohol,  and  from  this  solution  separates  in  needles ; 
and  it  is  insoluble  in  ether.  It  melts  at  166°,  and  on  prolonged 
fusion  partially  volatilizes.  The  aqueous  solution  is  optically  in- 
active, but  on  addition  of  borax  becomes  strongly  dextro-rotatory,^ 
whilst  caustic  sotla  imparts  to  it  a  Isevo-rotatory  power.^  When 
heated  with  concentrated  hydriodic  acid,  mannite  is  transformed 
into  secondary  hexyl  iodide  (Part  I.,  p.  627). 

A  mixture  of  mannite  and  platinum  black,  moistened  with 
water,  oxidizes  in  the  oix  iormmg  mannitic  acid,  G^^(0'S.)fiO^^ 
a  gummy  mass,  and  its  aldehyde,  G^-^fi^,  which  belongs  to 
the  class  of  fermentable  sugars,  and  is  known  as  mannitose.^ 
This  will  be  afterwards  described,  as  also  saccharic  acid, 
C^H4(OH)^(C02E[)y,  formed  by  the  oxidation  of  mannite  with 
nitric  acid. 

807  Mannitan,  Q^^^O^,  is  formed  when  mannite  is  heated  to 
200°  or  boiled  for  some  time  with  concentrated  hydrochloric  acid. 
It  is  a  syrupy  liquid  having  only  a  slightly  sweet  taste,  and  deli- 
quesces on  exposure.*  It  has  a  feeble  dextro-rotatory  power,^ 
and  on  long  boiling  partially  recombines  with  water,  forming 
mannite. 

If  mannite  be  heated  with  half  its  weight  of  sulphuric  acid  to 
120° — 125°  a  mannitane  is  produced  which  has  strongly  dextro- 
rotatory power,  and  does  not  re-unite  with  water  to  form 
mannite  (Vignon).  Both  modifications  dissolve  readily  in  cold 
alcohol. 

When  the  mannitane  prepared  by  means  of  hydrochloric  acid 
is  exposed  for  soine  months  in  a  dry  atmosphere,  it  deposits 

^  Yignon,  Ann.  Chim.  Phys.  [5],  ii.  440. 

2  Muntz  and  Aubin,  ih.  [5],  x.  556. 

3  Gorup-Besanez,  Ann.  Chem.  Pharm.  cxviii.  257. 
*  Berthelot,  Ann.  Chim.  Phys.  [3],  xlvii.  306. 

s  Bouchardat,  Ann.  Chim.  Phys.  [6],  vi.  102. 
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crystals  from  which  the  syrupy  mother-liquor  may  be 
separated  by  washing  with  absolute  alcohol.  Crystallized 
mannitane  consists  of  monoclinic  tables  dissolving  readily  in 
water,  and  being  easily  transformed  into  mannite  on  boiling 
with  this  liquid. 

Mannite  Dichlorhydrin,  or  a-Hexone  DicldorhydridGj  CgHg 
(0H)^Cl2,  is  formed  when  mannite  is  heated  for  ten  to  fifteen 
hours  at  100°  with  fifteen  times  its  weight  of  aqueous  hydro- 
chloric acid  which  has  been  saturated  at  0°.  The  solution  is  con- 
centrated over  sulphuric  acid  and  quicklime,  when  the  compound 
separates  out  very  slowly  in  monoclinic  crystals  which  melt  with 
decomposition  at  174°  and  are  la^vo-rotatory. 

Mannite  Dih^omhydrin,  CgHg(0H)^Br2,  is  obtained  in  a 
similar  way  to  the  foregoing  compound,  and  closely  resembles 
it,  except  in  that  it  is  insoluble  in  cold  water,  and  melts  at 
178°  with  evolution  of  hydrobromic  acid. 

If  these  compounds  be  boiled  with  water  they  are  converted 
into  the  monoclilorhydrin,  CgH30Cl(OH)3,  and  monohro7nhydrin, 
CgHgOBr(OH)3,  of  mannitan  respectively.  Both  are  crystalline, 
melt  below  100°,  and  dissolve  readily  in  water.  If  they  are 
boiled  for  a  longer  time  with  water,  mannite  is  again  obtained 
(Bouchardat). 

Acid  Sulphates  of  Mannite.  When  mannite  is  dissolved  in 
concentrated  sulphuric  acid,  the  disnl]}hate,  Q^^{0W)^(^0J1)^^ 
and  the  trisulphate,  GQH.g(Oii.)s{SOJi.)^,^  are  formed.  These 
form  readily  soluble  salts,  and  on  heating  with  water  are 
decomposed,  yielding  mannite  again. 

Mannite  Hexasnlphurie  Acid,  or  a-Hexone  Hexasnlphate^ 
CgHg(S04H)g,  is  obtained  by  dissolving  mannite  in  chlor- 
sulphonic  acid : 

CeHglOH),  +  6CISO2.OH  =  C,Hs(O.S02.0H)6  +  6HC1. 

As  the  product  is  uncrystallizable  it  has  not  as  yet  been 
obtained  in  the  pure  state,  but  several  of  its  salts  have  been 
prepared.  Of  these  barium  hexhexone  sttlphate,  CgH8(S04)QBa3-h 
5H2O,  is  characteristic,  and  is  obtained  by  neutralizing  the 
freshly  prepared  aqueous  solution  of  the  acid  with  barium 
carbonate,  the  mixture  being  well  cooled  during  the  operation. 
On  adding  absolute  alcohol  to  the  solution  thus  obtained,  the  salt 
is  thrown  down  as  an  oily  liquid,  which  spontaneously  passes 

^  Favre,  Ann.  Chim.  Phys.  [3],  xi.  77  ;  Berthelot,  ib.  [3],  xlvii.  336. 
^  Knop  and  Schnedermann,  Ann.  Chcin.  Pharm.  li.  132. 
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into  a  crystalline  modification  which  is  completely  insoluble 
in  water  and  acids.  Similarly,  if  the  aqueous  solution  of  the 
salt  be  evaporated  on  the  water-bath  the  insoluble  forms 
separate  out  in  crystalline  crusts.  The  free  acid  and  also  the 
solutions  of  its  salts  are  strongly  dextro-rotatory.  The  acid 
in  aqueous  solution  readily  changes  into  the  tetrasulphate, 
Q^^{0'S)2(^0^)^,  which  has  a  weaker  dextro-rotatory  power 
and  forms  amorphous  salts.^ 

808  Nitro-mannite,  or  a-Hexone  Hexnitrate,  CgH8(N0g)g.  This 
compound  was  first  obtained  by  Flores  Domonte  and  M^nard,^ 
and  by  Sobrero,^  by  acting  on  mannite  with  a  mixture  of  con- 
centrated nitric  and  sulphuric  acids.  Its  correct  composition 
was  afterwards  established  by  Strecker,*  and  Knop  was  the  first 
to  put  forward  the  view  that  it  is  not  a  nitro-compound,  but 
contains  nitric  acid.^ 

To  prepare  nitro-mannite  one  part  of  finely  powdered  mannite 
contained  in  a  mortar  is  treated,  in  small  quantities  at  a  time, 
with  five  parts  of  Tvell-cooled  nitric  acid  of  specific  gravity  I'o, 
and  the  clear  solution  is  then  poured  into  a  vessel  kept  cold  by 
ice  or  snow,  and  ten  parts  of  concentrated  sulphuric  acid  added, 
the  mixture  being  kept  well  stirred.  After  a  few  hours  the  curdy 
mass  which  is  formed  is  brought  on  to  an  asbestos  filter,  the 
hquid  filtered  off,  and  the  residue  well  rubbed  up  with  water 
until  it  has  only  a  weak  acid  taste.  The  product  is  then 
washed  with  hot  solution  of  carbonate  of  soda,  and  afterwards 
purified  by  recrystallization  from  hot  alcohol.® 

Nitro-mannite  crystallizes  in  needles  which  melt  at  112° — 113°, 
and  on  carefully  raising  the  temperature  they  quietly  decom- 
pose. If,  however  it  be  thrown  on  to  glowing  charcoal  it 
deflagrates  strongly,  and  when  struck  with  a  hammer  it  explodes 
more  violently  than  fulminating  mercury.  Its  alcoholic  solution 
is  dextro-rotatory.  When  treated  with  sulphuric  acid  it  evolves 
fumes  of  nitric  acid,  and  when  treated  with  ammonium  sulphide,' 
acetic  acid  and  ice,^  or  hydriodic  acid,^  it  is  re-converted  into 
mannite.  Mannite  is  also  formed  when  nitro-mannite  is  boiled 
for  some  time  with  a  solution  of  acid  ammonium  sulphite,  w^hilst 

^  Claeason,  Joum.  PraU,  Chem,  [2],  xx.  10. 

2  Compt.  Mend.  xxiv.  89  and  391.  ^  lb.  xxv.  21.  _, 

*  Ann,  Chem,  Pharm.  Ixxiii.  59.  _        "  Journ.  PraU,  Chem,  xxu,  228. 
^  Sokolow.  Joum.  Muss.  Chem.  Ges.  xi.  136. 

'  Dessaignes,  Compt.  Mend,  xxxiii.  462. 

8  Bechamp,  Ann.  Chim.  Phys.  [3],  xlvi.  354. 

*  Mills,  Joum.  Chem.  Soc.  xvii,  153. 
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at  the  same  time  ammonium  sulphate,  nitrate,  and  nitrite  are 
produced.^ 

If  dry  ammonia  be  passed  into  an  ethereal  solution  of  nitro- 
mannite,  evolution  of  gas  takes  place,  and  a  semi-fluid  black 
mass  separates  out,  which  contains  ammonium  nitrite  and  nitrate, 
together  with  other  bodies.  If  the  liquid  be  poured  off  from 
this,  the  ether  allowed  to  evaporate,  and  the  residue  crystallized 
from  alcohol,  long  needles  arranged  in  stellar  groups  are  first 
deposited.  These  are  either  hexone pentanitrate,  CgHg(0H)(N03)g, 
or  have  the  formula  [C6H8(N03)5]20.  They  melt  at  77°— 79°, 
deflagrate  slightly  when  more  strongly  heated,  and  explode  on 
percussion.  From  the  alcoholic  mother-liquor,  water  precipitates 
syrupy  mannitantetraniU^ate,  CeH80(N03)4,  which  on  percussion 
detonates  more  powerfully  than  nitro-mannite.^ 

809  a'EexoneHexacetate,G^Q{G^fi^Q/iB^TodiUQ.eA.,  together 
with  mannitan  acetates,  when  mannite  is  heated  with  acetic 
anhydride.3  It  is  best  prepared  by  warming  mannite  with  four 
times  its  weight  of  the  anhydride  and  some  zinc  chloride,  when 
a  moderately  brisk  reaction  sets  in  in  a  few  moments.^  The 
acetate  forms  rhombic  crystals  which  melt  at  119°,  and  are 
dextro-rotatory.  They  are  insoluble  in  cold  water,  alcohol,  and 
ether,  but  dissolve  somewhat  on  heating,  and  very  readily  in 
acetic  acid. 

According  to  Schiitzenberger,  the  first  product  of  the  action  of 
acetic  anhydride  on  mannite  is  the  compound  Q^^^^(Q^f>)O^Q, 
which  in  the  pure  state  forms  a  light  white  mass,  which  has  a 
slight  sweet  but  somewhat  bitter  taste,  and  on  saponification 
yields  mannitan,  the  molecular  formula  of  which  is  therefore 
probably  G^^n^fi^^, 

When  mannite  is  heated  with  glacial  acetic  acid  to  200°— 220° 
mannitan  diacetate,  0^111(^(0211302)205,  is  formed.  This  is  a 
very  bitter  syrup,  which  on  saponification  yields  acetic  acid  and 
mannitan. 

By  heating  mannite  with  other  fatty  acids,  Berthelot  has 
obtained  a  series  of  ethereal  salts  of  mannitan.^ 

^  A.  and  W.  Knop,  Journ.  Prakt.  Chem.  Ivi.  337. 

2  Tichanowitsch,  Zeitsch.  Chem,   1864,  482. 

3  Schiitzenberger,  Ann.  Chem.  Pharm.  clx.  94;  Bouchardat,  loc.  ciU 
*  Franchimont,  Ber.  Deutsch.  Chem,  Ges.  ziu  2059. 

^  Ann.  Chim.  Phys.  [3],  xlvii.  315. 
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DULCITOL,  DULCITE,    OR   yS-HEXONE   AlGOHOL,  GgHg(OH)g. 

8io  lu  1836,  Htinefeld  found  that  a  peculiar  crystalline  body, 
termed  by  bim  mclampyrin,'^  exists  in  the  sap  of  Ifelampyrum 
nemoTOSuin,  and  M.  v%olgatum.  This  body  was  then  further 
examined  by  Eichler,  who  found  it  also  in  Scrophularia  nodosa, 
and  Ehinanthus  Christa-Galli,  but  the  formula  assigned  by  him 
to  the  substance  was  an  incorrect  one.^ 

In  184*8,  Laurent  examined  certain  crystalline  lumps  of 
unknown  origin,  which  were  sent  from  Madagascar  to  Paris 
in  large  masses,  and  found  that  their  principal  constituent  was 
a  sugar-Hke  substance,  which  he  considered  to  be  a  homologue 
of  o-rape  sugar,  or  of  the  glucoses,  O^^fi^,  and  termed  it  dulcose, 
assigning  to  it  the  fonnula  C^Hj^Og,^  whilst  Jacquelain  believed 
its  composition  to  be  C^'H.^^^^.a.nd  termed  it  didcinc.^  Souberan 
came  to  the  conclusion  that  it  was  mannite,^  and  soon  after 
Laurent  recognized  the  fact  that  it  is  an  isomeride  of  mannite.® 
Finally  Gilmer  showed  that  dulcite  is  identical  with  melampyrin 
and  with  the  evonymite  which  Kubel  found  in  the  sap  of 
Evonymus  Europceus? 

The  Madagascar  manna,  as  the  above-mentioned  lumps 
were  termed,  consists  almost  entirely  of  dulcite,  and  this  is 
readily  extracted  by  treatment  with  hot  water.  Dulcite  may 
be  obtained  from  Melampyrum  nemorosum  by  boiling  the  plant, 
dried  when  flowering,  with  water,  adding  milk  of  lime  to  the 
decoction  till  just  alkahne,  and  again  boiling,  and  then  decom- 
posing the  filtered  solution,  after  sufficient  evaporation,  with 
hydrochloric  acid.  The  dulcite  then  separates  out  and  is 
purified  by  recrystallization. 

Dulcite  is  also  formed  by  union  of  hydrogen  with  galactose, 
CgH^Pg,  a  saccharose  obtained  from  milk-sugar,  and  an  aldehyde 
of  dulcite. 

Dulcite  has  a  taste  less  sweet  than  that  of  mannite,  and  is 
also  less  soluble  in  water,  dissolving  at  16°-5  in  thirty-four  parts 
of  this  liquid.  It  is  but  very  slightly  soluble  in  alcohol,  and 
does  not  dissolve  in  ether.  It  crystallizes  in  monocHnic  prisms 
which  melt  at  188°-5.  When  heated  with  concentrated  hydriodic 
acid  it  yields  the  same  secondary  hexyl  iodide  as  is  obtained 

^  Jotmi.  PraU.  Chem,  vii.  233  ;  ix.  47. 

2  Jahresh.  1856,  665.  .    „„^  .   «    ^^^   oqq 

'  C<mpt.  Rend.  XXX.  41.  '  lb,  xxxi.  625.  «  lb.  xxx.  339. 

"  Laurent  and  Gerhardt,  Compt.  Mend,  1851,  29. 

'  -^7171.  Chem.  Pharm,  cxxiii.  372. 
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from  mannite/  but  it  differs  from  the  latter  substance  inasmuch 
as  nitric  acid  does  not  oxidize  it  to  saccharic  acid,  but  to  the 
isomeric  mucic  acid.  Dulcite  dissolves  when  warmed  with 
concentrated  hydrochloric  acid^  and  on  cooling  down  to  0°  the 
compound,  CgH^^Og -f  HCl  +  SHgO,  separates  out  in  large 
crystals  which  ]ose  hydrochloric  acid  on  exposure  to  air,  and  are 
decomposed  into  their  constituents  when  treated  with  water  or 
alcohol.  It  forms  corresponding  compounds  with  hydrobromic 
and  hydriodic  acids.^ 

8ii  Dulcitan,  GqK-^qO^,  is  formed  when  dulcite  is  heated  for 
Gome  time  to  200°.  and  is  a  viscous  syrup,  which  dissolves  readily 
in  water  and  alcohol,  but  is  insoluble  in  ether,  and  is  perceptibly 
volatile  at  120°.  When  exposed  to  moist  air,  or  on  heating 
with  baryta-crystals  and  water  to  160°,  it  is  partially  trans- 
formed into  dulcite.  When  dulcite  is  heated  with  organic 
acids,  ethereal  salts  of  dulcitan  are  formed,  some  of  which  are 
crystalline  and  others  amorphous.^  Dulcitan  differs  from  the 
isomeric  mannitan  by  acting  as  a  pentatomic  alcohol,  and  it 
may  therefore  be  termed  hexonyl  alcohol,  GgH^(0H)_,5. 

Bidcitol  Diclilorhydrin,  or  j3-Hexone  Diclilorliydrdte,  CgHg(OH) 
Clg,  is  obtained  in  a  similar  way  to  the  corresponding  mannite 
derivative.  It  crystallizes  in  small  tables  which  are  insoluble 
in  water,  and  at  180°  it  splits  up  into  hydrochloric  acid  and 
dulcitan  chlorhydrin,  or  hexonyl  chlorhydrate,  CgH^  (011)^01,  this 
compound  being  also  produced  on  boiling  with  water.  It 
crystallizes  in  long  easily  soluble  needles,  which  melt  at  90°,  and 
are  dextro-rotatory.  It  readily  unites  with  hydrochloric  acid, 
forming  again  the  dichlorhydrin,  whilst  with  hydrobromic  acid 
it  yields  the  chlorbromhydrin  0^^{OW)fi\  Br. 

Dulcitol  Dibromhydrin,  (^^^{011) fir^,  crystallizes  in  small 
tables,  which  are  insoluble  in  cold  water,  whilst  when  dissolved 
in  hot  water  they  yield  dulcitan  hromhydrin,  CoH^iOB^fii. 
This  latter  forms  long  very  soluble  needles,  which  melt  at  143°, 
readily  reunite  with  hydrobromic  acid,  and  yield  the  dichlor- 
hydrin on  treatment  with  fuming  hydrochloric  acid. 

If  any  one  of  the  foregoing  compounds,  and  the  best  for  this  pur- 
pose is  dulcitan  chlorhydrin,  be  heated  with  alcoholic  ammonia, 
dulcitamine,  CgHg(OH5)NH2,  is  formed.  To  separate  this,  the 
solution  is  evaporated  and  the  hydrochloride  extracted  by  means 

^  Wanklyn  and  Erlenmeyer,  Zeitsch.-  Chem.  1862,  641. 
2  BoucharJat,  Ann.  C/dm.  Fhys:  [4],  xxvii.  168. 
*  Berthelot,  Chim.  Org.  Synth,  ii.  209. 
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of  absolute  alcohol  On  then  adding  ether  the  salt  crystallizes 
out  in  needles.  By  the  action  of  silver  oxide  on  the  aqueous 
solution  the  free  base  is  obtained,  and  this  on  evaporation  forms 
a  thick  syrup,  having  a  strongly  alkaline  reaction,  absorbing 
carbon  dioxide  from  the  air,  and  decomposing  ammoniacal 
salts.^ 

Sulphates  of  Bidcitol  According  to  ELchler,dulcite  when  dis- 
solved in  sulphuric  acid  yields  the  acid  tristdp]iatG,G^B.^{0'B.\ 
[^0^\,  whose  barium  salt  is  amorphous.  When  dulcite  is 
dissolved  in  chlorsulphonic  acid,  acid  didcitan  pentasulphatc, 
^6^i{^^J^)5>  is  formed.  This  is  a  syrup  which  on  warming 
with  water,  splits  up  into  dulcitan  and  sulphuric  acid. 

fi-Hexone  Hexnitrate,  or  Nitrodulcitol,Q^^QS<O^Q,  is  obtained 
by  dissolving  one  part  of  dulcite  in  five  parts  of  fuming  uitric 
acid,  adding  ten  parts  of  sulphuric  acid,  and  then  pouring  the 
mixture  quickly  into  ten  to  fifteen  parts  of  water.^  The  salt 
which  separates  out  crystallizes  from  alcohol  in  beautiful 
flexible  needles  which  melt  at  85°'5.  At  the  ordinary  tem- 
perature these  give  off  acid  vapours,  and  when  they  are  kept 
for  a  few  months  at  a  temperature  of  35°  to  40°  they  are 
transformed  into  the  tetranitraie,  CgHg(OH)2(N03)4,  lees 
soluble  in  alcohol  than  the  former  compound,  and  crystallizing 
from  this  solution  in  transparent  needles. 

Acetates  of  Dulcitol.  When  ten  parts  of  dulcite  are  dissolved 
in  a  boiling  mixture  of  twelve  parts  of  acetic  anhydride  and 
120  parts  of  glacial  acetic  acid,  and  the  mixture  allowed  to 
cool,  ^'hexone  diacetate,  CQHg(OH)4(C2H302)2,  is  formed.  This 
crystalHzes  from  hot  water  in  thin  tables  which  melt  at  175°, 
and  have  a  feeble  dextro-rotatory  power. 

When  dulcite  is  heated  with  an  equal  quantity  of  glacial 
acetic  acid,  and  three  times  its  amount  of  acetic  anhydride, 
^-heccone  hexacetate,  CgHg(C2H302)g,  is  formed,  and  this  cry- 
stallizes from  boiling  alcohol  in  leaflets  which  melt  at  171°. 

^Sexone  Pentacetochlorhydrin,  CgHg(C2H302)5Cl,  is  obtained 
by  heating  dulcite  with  acetyl  chloride.  It  forms  microscopic 
crystals,  which  on  boiling  with  alcohol  are  converted  into  jB-hexone 
pentacetate,  CgH8(C2H302)50H,  this  latter  crystallizing  in  fine 
needles  melting  at  163°.  If,  however,  it  be  heated  for  some 
time  to  200°  a  brittle  resinous  mass  of  Jiexonyl  pentacetate, 
C0H7(C2H3O2)5,  is  formed. 

^  Bouchardat,  Ann,  Chim.  Phys.  [4],  xxvii.  197. 

2  Bdchamp,  Compt.  Rend.  li.  255  ;  see  also  Champion,  ih.  Ixxviii.  1150. 
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812  Isodidcite,  CgH^^Og,  does  not  occur  ia  the  free  state  in  nature 
but  is  found  as  a  peculiar  ethereal  salt  belonging  to  the  class  of 
glucosides.  On  boiling  with  dilute  sulphuric  acid  this  splits  up 
into  isodulcite  and  other  bodies  which  will  be  hereafter  described. 
Isodulcite  was  first  obtained  by  Hlasiwetz  and  Pfaundler  from 
quercitrin,  a  body  occurring  in  quercitron  bark,  a  product  con- 
tained in  the  bark  of  the  Qtf^ercus  tinctoria}  Liebermann  and 
Hbrmann  afterwards  prepared  it  from  Xanthorhamnin  contained 
in  Ehammis  infedorius  and  R.  tinctoria?- 

Isodulcite  dissolves  readily  in  water,  has  a  very  sweet  taste? 
and  crystallizes  in  large,  transparent,  glassy,  monoclinic  prisms 
or  tables,  which  melt  at  92° — 93°  and  are  dextro-rotatory.  At 
100°  it  is  converted  into  amorphous  isodulcitan,  CgH^gOg,  and 
this  on  solution  in  water  again  yields  isodulcite.  If  sodium 
alcoholate  be  added  to  a  solution  of  isodulcite  in  absolute  alcohol, 
the  compound,  CgH^^^-^^^Oo*  is  precipitated  as  a  crystalline 
powder.^  When  isodulcite  is  heated  with  concentrated  hydriodic 
acid,  it  is  converted  for  the  most  part  into  a  tarry  mass,  whilst  at 
the  same  time  a  heavy  liquid,  containing  iodine,  distils  over. 
This  is  a  mixture  of  several  bodies  which  have  not  as  yet  been 
separated.^  The  action  of  a  mixture  of  concentrated  nitric 
and  sulphuric  acids  transforms  isodulcite  into  nitro-isodidcitan, 
CgHg(]SI  03)305,  an  amorphous  and  insoluble  body  which  explodes 
slightly  on  percussion. 

When  oxidized  with  dilute  nitric  acid,  isodulcite  yields  dibasic 
isodiblcitic  add,  G^^^O^,  remaining  on  evaporation  of  its  solu- 
tion as  a  syrup,  from  which  crystalline  grains  separate  out  on 
standing.^ 

813  SooMte,  {Gfi-^fi^^  +  HgO,  occurs  in  mountain -ash  berries, 
and  in  the  vinous  liquor  obtained  from  these  by  fermentation.  If 
this  latter  be  precipitated  with  lead  acetate  and  the  filtrate,  after 
treatment  with  sulphuretted  hydrogen,  be  allowed  to  evaporate, 
a  syrup  remains  behind  from  which  sorbite  gradually  separates 
out  in  crystals.  It  loses  its  water  of  crvstallization  at  about 
100°,  and  then  melts  at  110°— 111°.^ 

814  Finite,  CgH^gOs-    This  compound,  isomeric  with  mannitan, 

^  Ann.  Ohem,  Pharm.  cxxvii.  362.  2  j^t.  cxcvi.  323. 

3  Liebermann  and  Hornmann,  Ber.  DeiUsch.  Ckem.  Ges.  xii.  1186. 

*  Dale  and  Schorlemmer,  ib.  xi.  1197. 

**  Malin,  Ann.  Chem.  Pharm.  cxlv.  197. 

^  Boussingault,  Ann.  Chim.  Fhys.  [4],  xxvi.  376. 
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&c.,  forms  the  principal  constituent  of  the  pine-sugar  contained 
in  the  sap  of  Finus  lamhertiana,  v/hich  grows  profusely  on  the 
western  slopes  of  the  Sierra  Nevada  in  California.  This  collects 
at  the  foot  of  the  tree,  in  holes  hurnt  into  the  trunk,  in  dark 
round  lumps  and  is  used  by  the  Indians  as  a  food.^  Finite  is 
exceedingly  soluble  in  water,  has  a  very  sweet  taste,  crystallizes 
in  hard  white  nodules,  and  is  dextro-rotatory. 

A  substance  isomeric  with  pinite  has  been  obtained  by  Eichler 
and  termed  quercite,  but  this,  as  is  also  probably  the  case  with 
pinite  itself,  is  not  connected  with  the  groitp  of  fatty  bodies,  and 
wiU  be  described  hereafter. 

1  Berthelot,  Ann.  Ckim.  Phys.  [3],  xlvi.  76  :  Johnson,  Journ.  Frakt.  Chem, 
Ixx.  246. 


CAEBOHYDEATES. 

815  The  above  name  has  for  some  time  past  been  given  to  a 
group  of  compounds  which  contain,  in  the  molecule,  six  atoms  of 
carbon  or  a  multiple  of  this  number,  together  with  hydrogen  and 
oxygen  present  in  the  proportion  in  which  these  elements  unite 
to  form  water. 

Many  of  the  carbohydrates  constitute  some  of  the  most  im- 
portant constituents  of  plants,  some  few  are  also  found  in  the 
animal  kingdom,  whilst  the  larger  number  are  well  known  as 
valuable  articles  of  food. 

They  consist  of  several  distinct  isomeric  groups,  most  of  whose 
members  exhibit  active  optical  properties  deviating  the  plane 
of  polarized  light  either  to  the  right  (+)  or  to  the  left  (— ). 


I.  THE  SUGAR  GROUP. 


The  Saccharoses. 

The  Glucoses. 

^V^22^1V 

^^6^12*^6- 

+  Cane-sugar,  or 

saccharose. 

+  Grape-sugar,  or  dextrose. 

-1-  Milk-sugar. 

—  Fruit-sugar,  or  levulose. 

+  Melezitose. 

+  Galactose. 

H-  Melitose. 

+  Arabinose. 

+  Trehalose. 

+  Eucalyn. 

-}-  Maltose. 

—  Sorbin. 

Inosite. 

Scyllite. 

Dambose. 

The  saccharoses  are  ether-like  compounds  which  are  converted 
into  glucoses  on  boiling  with  dilute  sulphuric  acid  : 


°{c:Ia+^^°='^«^-°«- 
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Cane-sugar,  when  thus  treated,  yields  equal  quantities  of  grape- 
sugar  and  fruit-sugar.  Such  a  mixture  is  widely  distributed 
throughout  the  vegetable  world,  and  is  termed  invert-sugar 
because  it  deviates  the  plane  of  polarization  to  the  left,  the 
specific  rotatory  power  of  levulose  being  at  ordinary  temperatures 
greater  than  that  of  dextrose.  Milk-sugar  thus  acted  upon 
gives,  galactose  and  grape-sugar,  the  latter  being  also  formed, 
together  with  eucalyn,  from  melitose,  whilst  all  the  other 
saccharoses  apparently  yield  only  grape-sugar. 

Of  the  glucoses  the  first  three  alone  have  been  carefully 
examined.  They  reduce  ammoniacal  silver  solution  with  de- 
position of  a  metallic  mirror.  Grape-  and  fruit-sugar  combine 
directly  with  nascent  hydrogen  to  form  mannitol,  CgHg(OH)g, 
galactose  yielding  the  isomeride  dulcite.  In  these  respects  the 
glucoses  act  as  aldehydes  of  these  alcohols,  but  they  do  not 
exhibit  the  characteristic  reaction  of  aldehydes  discovered  by 
Hugo  Schiff,  and  which,  according  to  Caro,  is  a  general  one  for 
this  class  of  compounds. 

This  reaction  consists  in  adding  sulphurous  acid  to  a  solution 
of  aniline-red  until  the  latter  is  decolourized  ;  upon  the  addition 
of  an  aldehyde  to  this  colourless  solution  it  assumes  a  splendid 
violet  tint.  Grape-sugar  does  not  give  this  reaction,  and  it 
and  its  isomers  may,  therefore,  possibly  be  a  ketone -alcohol, 
H0.CH2(GH.OH)3CO.CH2.OH.i  On  the  other  hand,  grape- 
sugar  yields,  on  oxidation,  monobasic  gluconic  acid,  CgH^g^T* 
and  dibasic  saccharic  acid,  CgH^^oOg,  whereas  the  above  con- 
stitutional formula  would  point  to  the  formation,  under  these 
conditions,  of  acids  containing  less  than  six  atoms  of  carbon. 
It  may,  however,  be  remembered  that  Breuer  and  Zincke,  in  the 
examination  of  the  acetic  etherof  acetylcarbinoljCHg.CO.CHg.OH, 
obtained  by  the  action  of  potassium  acetate  upon  monochlor- 
acetone,  found  that  this,  when  oxidized  by  an  alkaline  solution 
of  a  cupric  salt,  did  not  yield,  as  was  expected,  pyro-racemic  acid, 
CH3.CO.COOH,  but  formed  ordinary  lactic  acid,  CHg.CHlOH) 
CO.OII.2  In  a  similar  way  grape-sugar  may  yield  gluconic  acid, 
and  the  formation  of  laevulinic  acid  (p.  249),  a  ketonic  acid 
from  grape-sugar,  favours  this  view. 

^  Victor  Meyer,  Ber.  Deuisch.  Chem.  Gcs.  xiii.  2344. 
2  Ber.  Deutsch.  Chem.  Ges.  xiii.  635. 
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II.  THE  AMYLOSE  GROUP  (C^K^q'S^),. 


H-  Starch. 

Laevulin. 

Gums. 

-h  Dextrin. 

+  Glycogen. 

Cellulose. 

—  Inulin, 

Some  of  the  members  of  this  group  are  soluble  in  cold  or 
in  hot  water ;  others  soften  and  swell  when  brought  in  contact 
with  water  hot  or  cold,  whilst  cellulose  is  insoluble  in  water. 
They  are  all  transformed  by  the  action  of  acids  into  glucoses. 


THE  SACCHAROSES. 

Cane-Sugar,  CigHggOij. 

8i6  Sugar  was  known  to  Eastern  nations  in  early  times,  but 
was  not  introduced  into  Europe  until  the  time  of  Alexander 
the  Great,  and  it  was  at  first  used  entirely  as  a  medicine. 
Dioscorides,  speaking  of  the  different  kinds  of  honey,  says, 
"  Some  are  termed  sugars  (craKxapov),  being  a  solid  honey 
found  in  canes  (eVt  twv  KoXaficov),  coming  from  India  and  Arabia 
Felix,  in  consistence  like  salt,  and  capable  like  salt  of  being 
ground  to  powder  between  the  teeth.''  Pliny  remarks  on  this 
subject,  "  Saccharon  ex  Arabia  fert,  sed  laudatius  India ;  est 
autem  mel  in  arundinibus.collectum,  gummiummodo  candidum, 
dentibus  fragile,  amplissimum  mucis  avellanse  magnitudine,  ad 
medicinse  tantum  usum."  The  Arabians,  and  the  physicians 
educated  in  their  schools,  speak  of  this  product  in  similar  terms. 
The  oriental  names  for  sugar  are  derived  from  the  Sanskrit 
SharJcard,  signifying  a  body  in  the  form  of  granules  or  small 
stones. 

The  cultivation  of  the  sugar-cane  spread  from  the  far  East 
to  Arabia,  Nubia,  and  Egypt.  The  Saracens  extended  its 
culture  to  Sicily  and  other  islands  of  the  Mediterranean,  and 
the  Moors  introduced  it  into  southern  Spain  and  Portugal.  In 
the  year  1494,  the  sugar-cane  was  first  planted  in  Madeira,  and  in 
1495  it  found  its  way  to  St.  Domingo,  and  in  1503  to  the  other 
West  Indian  islands.  We  find  it  in  the  Brazils  towards  the 
beginning  of  the  sixteenth  century,  shortly  after  which  it  was 
introduced  largely  throughout  the  American  continent. 

The  importation  of  sugar  from  these  localities  into  Europe 
soon  made  this  article  better  known.    Libavius,  in  his  Alchymia, 


CANE-SUGAR  497 


published  in  1595,  mentions,  "  Sacchari  crystallini  quod  candi 
appellant ; "  he  recommends  a  plan  of  purifying  Madeira  sugar 
by  means  of  albumen,  and  Angelus  Sala  in  his  Sacckarologia 
advises  the  use  of  ^gg  albumen  and  lime-water  for  this  purpose. 

817  The  sugar-cane  {Saccharum  officinarum)  now  planted  in 
tropical  countries  contains  from  16  to  18  per  cent,  of  cane- 
sugar.  Another  gramineous  plant  (^Sorghicm  saecharatum),  also 
used  as  a  source  of  sugar,  is  a  native  of  Asia.  The  sugar-cane, 
as  grown  in  the  United  States,  yields  on  an  average  from  70  to 
75  per  cent,  of  juice,  containing  from  6  to  7  per  cent,  of  sugar. 
Many  other  species  of  grasses  contain  cane-sugar,  thus  the  maize 
stems  after  flowering  yield  a  juice  which  contains  from  7"4  to 
9  per  cent,  of  sugar,  of  which  about  half  consists  of  cane-sugar. 
This  source  of  sugar  was  employed  by  the  ancient  inhabitants  of 
Mexico  for  the  production  of  sugar.  Many  palms,  such  as 
Garyota  urens,  used  in  Ceylon  for  the  preparation  of  jaggery, 
also  contain  sugar.  In  Java  and  many  of  the  East  Indian 
Islands  the  Arenga  palm  (Saguerits  sacchifera)  and  other  species 
are  employed  as  sugar-bearing  plants. 

Marggraf  ^  was  the  first  to  point  out  that  sugar  is  contained 
in  many  kinds  of  fleshy  roots,  especially  in  those  of  beet  {Beta 
vulgaris).  These  roots  usually  contain  from  7  to  11  and  some- 
times 14  per  cent,  of  sugar.^  According,  indeed,  to  Scheibler^ 
as  high  a  percentage  as  20  is  sometimes  reached,  and  tubers 
containing  less  than  10  per  cent,  cannot  now,  owing  to  the 
fiscal  arrangements  in  Germany,  be  profitably  used  for  the 
manufacture  of  beet-root  sugar.  Cane-sugar  also  occurs  in  the 
roots  of  Daums  carota,  Pastinaca  sativa,  Siicm  sisariivi,  and 
others.  Madder-root  likewise  contains  from  14  to  15  per  cent, 
of  sugar.*  It  is  moreover  found  in  many  seeds,  such  as  almonds, 
walnuts,  hazelnuts,  and  barley.  Coffee-beans,  before  roasting, 
contain  from  6  to  7  per  cent.^  The  sap  of  many  trees  is  also 
rich  in  sugar,  as,  for  example,  that  of  the  lime,  birch,  sycamore, 
and  especially  the  maple,  the  sugar-maple  {Acer  saccharinum) 
having  long  been  used  as  a  source  of  sugar  in  the  Northern 
States.  Cane-sugar  is  likewise  found  in  the  juice  of  many  fruits, 
but  almost  always  accompanied  by  invert-sugar  (p.  494).  As 
this  latter  sugar  is  derived  from  cane-sugar  by  the  action  of 

1  Scliriften,  Berlin  Acad.  \1i1 . 

2  Gmelin,  Handbook  Organ.  Chem.  xv.  239. 

3  Ber.  Entw.  DeiUsch.  CJiem.  Ind.  ii.  186. 

*  Stein,  Journ.  Pralct.  Chem.  cvii.  444.  . 

5  Graham,  Stenhouse,  and  Campbell,  Quart.  Joitrn.  Chem.  Sac.  xx.  33. 
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acids  and  of  certain  ferments,  it  has  generally  been  supposed 
that  cane-sugar  is  first  formed  during  the  process  of  ripening, 
and  that  this  is  afterwards  converted  into  invert-sugar.  Much 
may,  however,  be  said  against  this  view.  Thus  in  acid  fruits, 
such  as  the  orange,  the  quantity  of  cane-sugar  regularly  in- 
creases during  the  ripening,^  and  the  most  acid  of  all  fruits,  the 
lemon,  contains  to  1  per  cent,  of  invert-,  0"4  per  cent,  of  cane- 
sugar,  whilst  grapes  and  sweet  cherries  do  not  contain  any  cane- 
sugar,  though  it  is  present  in  quantity  in  the  juice  of  pine-apples 
and  St.  John's  bread.  In  other  instances  it  has  been  shown 
that  the  formation  of  invert-sugar  precedes  that  of  cane-sugar. 
Thus  the  saccharine  juice  formed  during  the  early  period  of 
vegetation  contains  only  invert-sugar,^  and  this  appears  to  be  the 
case  with  the  sugar  cane  itself,  as  the  cane  when  covered  with 
young  green  leaves  contains  considerable  quantities  of  invert- 
sugar,  which  passes  into  cane-sugar  when  the  leaves  dry  up.^ 

The  nectar  of  flowers  contains  cane-sugar ;  in  that  of  the 
flowers  oi  EhodocUndron  'ponticum  it  may  even  be  found  in  crystals,* 
and  in  the  nectar  from  a  single  flower  of  Cactus  ackeTmanni, 
Braconnot  found  O'l  grm.  of  sugar. ^  In  most  cases  invert-sugar 
accompanies  the  cane-sugar. 

The  quantity  of  sugar  contained  in  the  nectar  of  certain 
flowers  has  been  determined  by  A.  S.  Wilson,^  who  finds  that  in 
order  to  produce  1  kilo,  of  sugar  5,600,000  flowers  of  red  clover 
must  be  used. 

Honey  is  likewise  a  mixture  in  varying  proportions  of  the 
two  sugars,  as  it  is  obtained  by  the  bees  from  the  nectar.  If 
bees  be  fed  with  grape-sugar  their  honey  contains  this  variety 
of  sugarj  Roders  found  that  heather-fed  honey  contained 
invert-  but  no  cane-sugar,  whilst  Cuba  honey  contained  none  of 
the  latter,  but  consisted  chiefly  of  dextrose. 
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8i8  From  crude  beginnings,  the  manufacture  of  sugar  has 
attained  gigantic  proportions  and  a  marvellous  degree  of  com- 
pleteness, due  to  a  fertile  union  of  both  chemical  and  engineering 
science. 

^  Eerthelot  and  Buignet,  Compt.  Itend.  li.  109i. 

-  Jackson,  ib.  xlvi.  55  ;  Leplay,  ih.  xlvi.  444. 

-*  leery,  Ann,  Chim.  Pliys.  [4],  v.  350. 

*  Stammer,  Jahresh.  1849,  464.  ^  ^crzel,  Jahresh.  xiiv.  454. 

^  Fharm.  Journ.  Trans,  [3],  ix.  225.  ?  Koders,  Jahresh.  1863,  574. 
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The  simplest  process  for  obtaining  sugar  is  that  from  the 
sugar-cane,  which  still  yields  the  largest  quantity  of  this  invalu- 
able article.  The  juice  of  the  cane  contains  about  24  per  cent. 
of  sugar,  about  I'T  per  cent,  of  inorganic  salts,  and  about  0*2 
per  cent,  of  organic  acids,  albuminous  matter,  &c.  Only  about 
half  this  amount  is,  however,  obtained  in  practice  in  the  form 
of  crystalUzable  sugar. 

The  various  causes  which  bring  about  a  considerable  loss 
are  mainly  the  following  :  In  the  first  place,  the  hard  silicious 
stem  of  the  cane  renders  the  complete  extraction  of  the  juice 
in  the  rolling-mill  impossible  where  the  cane  is  crushed  by 
passing  between  horizontal  rollers.  These  are  now  commonly 
heated  by  steam  for  the  purpose  of  assisting  the  outflow  of 
juice,  and  also  because  the  megasse,  as  cane  after  crushing 
is  termed,  holds  back  less  juice  when  crushed  hot  than  when 
crushed  cold.  Secondly,  the  juice  is  liable  to  undergo  dele- 
terious fermentive  change  at  the  temperature  of  the  hot 
countries  where  it  is  made,  and  in  order  to  avoid  loss  from 
this  cause,  it  becomes  necessary  to  work  as  quickly  as  possible, 
and  this  is  done  by  running  the  juice  directly  from  the  mill 
through  a  double  metallic  sieve  (for  the  purpose  of  removing 
most  of  the  suspended  matter)  into  a  copper  cauldron  of 
4,000  gallons  capacity,  called  the  clarifier.  This  is  heated 
by  a  fire  placed  beneath,  and  as  soon  as  the  juice  has  reached 
the  temperature  of  130°  Fahr.,  cream  of  lime  is  added  in  the 
proportion  of  about  4  oz.  of  quicklime  to  the  gallon  of  juice, 
which  is  enough  to  cause  the  formation  of  a  thick  scum  as  soon 
as  the  juice  boils.  This  not  only  takes  out  of  solution  the 
albuminoid  and  other  bodies,  the  presence  of  which  is  liable  to 
cause  fermentation,  but  it  also  neutralizes  the  malic  and  other 
acids  contained  in  the  juice,  which  if  allowed  to  remain  would 
prevent  a  portion  of  the  sugar  from  crystallizing.  The  clarified 
juice  is  then  run  into  a  second  pan  placed  alongside  the  first, 
and  here  another  scum  is  formed,  which  is  ladled  back  into 
pan  No.  1.  From  the  second  pan  the  juice  is  passed  into 
smaller  pans,  and  in  the  last  one  it  is  still  further  evapo- 
rated until  the  point  of  crystallization  is  reached.  This  is 
judged  of  by  the  finger-test,  that  is,  a  drop  of  the  syrup  is 
placed  between  finger  and  thumb,  when  it  must  be  capable  of 
being  drawn  out  in  a  stringy  mass.  This  thread  of  sugar  is  the 
longer  the  more  concentrated  is  the  syrup,  and  when  it  has  a 
length  of  3  cm,  the  liquor  has  been  sufficiently  boiled.    The  last 
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scum,  which  contains  a  considerable  quantity  of  sugar,  and  the 
ash  left  after  burning  the  megasse,  are  employed  as  manure. 
In  former  times,  deep  cast-iron  pans  were  employed,  now  flat 
copper  pans  are  used,  and  these  are  ranged  one  above  the 
other  so  that  the  juice  runs  from  the  first  to  the  last  pan  by 
gravitation  instead  of  being  ladled  out. 

The  experience  gained  in  the  preparation  of  sugar  from  beet- 
root and  the  improvements  which  have  been  made  in  these 
processes  have  done  much  to  improve  the  cane-sugar  manufac- 
ture. In  the  first  place,  evaporation  over  an  open  fire,  by  which 
great  risk  is  run  of  burning  the  sugar,  has  been  modified  by  the 
introduction  of  heating  by  steam.  This  is  effected  by  a  coil  of 
pipes  placed  in  a  pan,  through  which  high-pressure  steam  is 


Fig.  122. 


passed.  But  in  this  arrangement  a  deposit  of  lime-salts  is  apt 
to  form  on  the  steam-pipes,  and,  in  consequence,  an  evaporator, 
known  as  Wetzel's  pan,  is  now  much  used.  The  construction 
of  this  is  shown  in  Fig.  122,  The  steam  passes  through  a 
system  of  pipes  moving  on  a  horizontal  axis,  and  the  sugar 
juice,  placed  in  the  lower  pan,  is  carried  in  a  thin  film  over  the 
heated  surface. 

8ig  Another  process  for  evaporating  the  raw  juice,  also  largely 
used  in  the  colonies,  is  carried  out  by  help  of  an  arrangement 
known  as  the  concretor  of  Mr.  AKred  Fryer,  an  elevation  of 
which  is  shown  in  Fig.  123  and  a  plan  in  Fig,  124.  In  this,  the 
clarified  juice  is  very  quickly  evaporated  but  not  burnt.     The 
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object  of  this  process,  to  use  the  words  of  the  inventor,  is  to 


turn  the  juice  at  once  into  a  solid  mass  which  can  easily  be 
packed  and  is  not  subject  to  loss  by  drainage.      To  accomphsh 
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this,  the  clarified  juice  is  first  run  over  a  series  of  shallow  trays. 


A  A  (Figs.    123,  124),  in  a  stream  of  about  half  an  inch  deep. 
These  trays  are  divided  by  ribs  running  from  one  side  nearly  to 
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the  other,  so  that  each  tray  forms  a  continuous  narrow  serpentine 
channel,  in  traversing  which  the  juice  passes  six  times  from  side 
to  side  of  the  tray.  In  the  large  sizes  there  are  ten  of  these 
trays  placed  end  to  end,  so  aiTanged  that  the  juice  can  flow 
freely  from  one  end  to  the  other  of  the  series,  or  on  a  length  of 
forty-eight  feet,  the  juice  traversing,  therefore,  about  six  times  this 
length  in  the  space  of  five  minutes.  The  flame  from  the  furnace 
(b)  passes  under  the  whole  length  of  the  trays,  and  by  this 
process  the  juice  is  concentrated  to  a  density  of  from  30°  to  40° 
Baum^.  After  leaving  the  trays  the  juice  passes  into  the  revolving 
cylinder  (f),  in  which  a  very  large  surface  is  exposed  to  the 
action  of  a  current  of  heated  air  drawn  through  the  cylinder  by 
means  of  a  fan,  the  air  being  heated  by  passing  through  tubes 
placed  in  the  economizer  (c).  In  this  cylinder  the  concentration 
is  continued  until  the  material  has  attained  such  a  consistency 
that  it  drops  down  in  large  flakes  instead  of  flowing  in  a 
continuous  stream. 

This  being  attained,  the  evaporated  mass  is  discharged  into 
casks,  and  on  cooling  becomes  solid,  incapable  of  undergoing 
further  change,  and  ready  for  shipment  to  the  refiner.  The 
whole  operation  lasts  about  half  an  hour,  and  the  process  is  a 
continuous  one.  No  molasses  are  made,  and  the  average  yield 
of  concrete  is  about  2  lbs.  to  the  gallon  of  juice  standing  at 
10°-5  Baum^  (Fryer). 

Other  improved  methods  of  evaporatiug  the  sugar-juice  will 
be  described  under  the  head  of  Beet-Sugar. 

The  syrup  obtained  by  one  or  other  of  these  processes,  after 
being  brought  to  the  crystallizing  point,  is  thrown  into  wooden 
tanks,  the  bottoms  of  which  are  pierced  with  holes  stopped  with 
pieces  of  sugar-cane.  If,  after  standing  for  twenty-four  hours, 
the  mass  has  become  granular,  it  is  stirred  and  the  non-crystal- 
line syrup  or  molasses  allowed  to  run  off,  an  operation  which 
takes  some  time  owing  to  the  viscid  character  of  the  liquor. 
The  raw-,  brown-,  or  Muscovado-sugar  thus  obtained  has  a 
pleasant  smell  and  taste,  and  is  often  used  without  any  further 
purification,  but  the  largest  quantity  undergoes  the  operation 
of  refining;  the  details  of  this  operation  will  be  given  in  the 
sequel. 

820  Molasses  are  formed  in  varying  quantities,  according  to  the 

climate,  the  species  of  sugar-cane  worked,  and  the  care  displayed 

in  the  operations.     They  consist  of  a  mixture  of  cane-sugar,, 

uncrystallizable    sugar,    caramel,    gum,    and    salts.      Molasses; 

196 


504  CAKBOHYDRATES. 


are   used   as   an  article  of  food,  but  chiefly  employed  in  the 
manufacture  of  rum. 

821  Beet-root  Sugar  Manufaeiure.  The  observation  first  made 
by  Marggraf  that  beet-roots  contain  sugar  remained  without  fruit 
until  his  pupil,  F.  K.  Achard,  corroborating  the  fact,  established 
in  1769  the  first  beet-root  sugar  works  in  Germany,  and  this 
was  soon  followed  by  others.  This  trade  received  a  great 
impetus  owing  to  Napoleon's  decree  in  180G  forbidding  the 
import  of  foreign  sugar,  which  sent  up  the  price  of  cane-sugar 
to  a  very  high  point,  but  after  the  overthrow  of  the  Empire 
most  of  the  beet-root  sugar-works  were  obliged  to  close.  The 
experience^  however,  gained  in  the  few  works  which  were  able 
to  hold  out,  gave  rise  to  such  improvements  in  the  processes  as 
to  render  a  subsequent  revival  of  the  trade  possible.  These 
improvements  consisted,  first,  in  better  plans  for  evaporating  the 
juice  ;  secondly,  in  a  method  for  revivifying  the  animal  charcoal 
which  after  a  time  loses  its  decolourizing  power;  and  thirdly, 
in  the  progress  made  by  agricultural  chemistry  pointing  out  the 
methods  by  which  a  root  rich  in  sugar  and  poor  in  salts  can  be 
grown.  The  beet-root  sugar  industry  has  attained  gigantic 
dimensions  in  France,  Germany,  Austria,  and  Eussia.  It  is 
also  largely  and  very  successfully  worked  in  Belgium,  whilst  other 
countries,  such  as  Holland,  Sweden,  and  Italy,  also  produce 
beet-root  sugar.  In  England  and  her  colonies  this  manufacture 
is  not  carried  on. 

In  order  to  obtain  the  juice  of  the  beet,  the  roots,  cleansed 
and  washed,  are  rasped  by  machinery  and  the  liquor  extracted 
by  hydraulic  presses  and  the  solid  mass  dried  by  centrifugal 
machines.  According  to  the  old  maceration  process  of  Schiit- 
zenbach  the  roots  were  sliced,  then  dried,  and  then  lixiviated 
with  water  at  80^  C.  This  method  possesses  the  advantage  of 
being  capable  of  continuous  working  throughout  the  year,  but 
the  extraction  takes  place  slowly,  and  the  high  temperature 
needed  is  apt  to  bring  into  solution  substances  which  act 
prejudicially  on  the  yield  of  sugar.  Hence  the  same  manu- 
facturer afterwards  introduced  another  method  by  which  the 
roots  were  systematically  lixiviated  in  a  series  of  tanks  in  a 
similar  way  to  that  now  employed  in  the  extraction  of  soda 
in  the  black-ash  process  (see  Vol.  II.  Part  I.  p.  148).  This 
process  gave  place  to  another  suggested  by  Dubrunfaut  under 
the  name  of  the  diffusion  process,  and  introduced  on  the  large 
scale    by  Robert.      The   freshly-sliced   roots  are  systematically 
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lixiviated  as  just  described,  and  the  liquors  dialysed,  when  the 
sugax  solution  passes,  together  with  the  other  crystalloids, 
through  the  cell-walls,  whilst  the  colloidal  bodies,  such  as 
albumen,  gum,  &c.,  remain  behind,  so  that  in  this  way  a  much 
purer  juice  is  obtained  than  by  the  older  processes. 

In  order  to  purify  the  beet-root  juice  it  is  first  heated  to  about 
85°  C,  at  which  temperature  the  albumen  coagulates,  and  then 
about  0'5  to  1  per  cent,  of  lime  is  added  in  the  form  of  milk. 
The  liquid  is  next  filtered  off  from  the  scum  by  means  of  a 
press,  and  carbon  dioxide  passed  into  the  liquor  in  order  to  de- 
compose the  saccharate  of  lime  which  is  formed.  These  pro- 
cesses, which  are  termed  defecation  and  saturation,  are  often 
carried  out  in  one  operation.  The  defecated  juice  is  then 
mixed  with  a  larger  quantity  of  lime,  usually  amounting  to 
5  per  cent.,  and  again  treated  with  carbon  dioxide,  and  thus 
the  purification  completed.  Formerly  the  addition  of  so  much 
hme  was  not  made,  as  it  proved  impossible  to  extract  the  sugar 
from  the  large  quantity  of  scum  which  forms,  but  this  has  now 
been  accomplished  by  the  use  of  improved  forms  of  filter-presses. 
The  above  method  is  chiefly  used  for  the  purification  of  juice 
obtained  by  diffusion.  After  saturation  the  juice  is  filtered 
through  a  mass  of  animal  charcoal  placed  in  high  cylinders, 
by  which  not  only  is  the  colour  removed  but  with  it  many 
impurities.  After  a  time  this  "  char "  loses  its  decolourizing 
power  and  it  is  necessary  to  revivify  it  by  first  washing  it  with 
water  containing  a  little  hydrochloric  acid  when  fermentation 
takes  place.  As  soon  as  this  is  over  the  char  is  washed  with 
water,  dried,  and  ignited  in  closed  cylinders. 

The  filtered  and  colourless  juice  is  now  concentrated  by 
evaporation,  an  operation  which  is  now  universally  carried 
on  in  vacuum-pans  under  a  diminished  pressure.  Fig.  125 
shows  the  section  of  a  vacuum-pan  such  as  is  used  for  boiling 
down  the  juices  both  of  beet-  and  cane-sugar,  fresh  juice  being 
added  from  time  to  time  until  the  mass  begins  to  "  show  grain." 
This  crystallization  is  allowed  to  continue  for  a  certain  time, 
then  air  is  admitted,  and  the  charge  run  out  into  a  tank  for 
cooling,  when  further  crystallization  occurs.  By  placing  three 
of  these  vacuum-pans  in  series,  the  steam  arising  from  the 
first  evaporation  in  pan  No.  1  passes  through  a  "save-all" 
(Fig.  125,  h)  to  catch  any  juice  which  primes,  into  the  steam- 
drum  of  pan  No.  2;  and  the  same  operation  is  repeated 
with  the  steam  from  the  juice  in  pan  No.    3.      This  leads  to 
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considerable  economy  of  fuel  as  compared  with  the  steam 
evaporating  pans  used  under  the  ordinary  atmospheric  pressure. 
822  Sugar  Refining.  The  first  process  of  the  sugar  refiner,  tech- 
nically termed  "  melting,"  consists  in  dissolving  the  raw  sugar  in 
hot  water,  or  by  means  of  a  jet  of  steam,  and,  when  necessary, 
precipitating  the  impurities  either  by  addition  of  lime,  animal 
charcoal,  or  albuminous  substances.     The  clarified  licLuor  is  then 


Fig.  125. 


filtered  through  bag-filters,  and  next  flows  on  to  the  animal  char- 
coal filters  to  be  decolourized,  whence  it  passes  to  the  vacuum-pans 
for  boiling  down.i  The  vacuum-pan  of  the  refiner  is  a  complicated 

^  ^  This  decolourizing  action  of  animal  charcoal  appears  not  to  be  due  to  oxida- 
tion from  absorbed  oxygen,  as  a  sample  of  char  ignited  in  vacuum  with  a 
sprengel,  and  therefore  freed  from  absorbed  oxygen,  acted  as  well  as  the  ordinary 
char. 
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Fig.  126. 
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and  expensive  piece  of  apparatus,  often  attaining  very  large 
dimensions.  Fig.  126  gives  a  section  of  a  vacuum-pan  made 
by  Messrs.  Heckmann  of  Berlin  and  exhibited  in  the  Vienna 
Exhibition    of   1873,  and  is   capable  of  boiling  down  at  one 


Fig.  127. 


time  twenty  tons  of  juice.  Another  form  of  vacuum  apparatus, 
shown  in  elevation  in  Fig.  127,  is  built  by  Messrs.  Adam,  of 
Greenock,  and  is  drawn  to  a  scale  of  y^.  At  each  operation  it 
boils  twenty-seven  tons  of  juice,  and  it  is  from  4  to  4*5  metres 
in  diameter. 
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The  operation  of  boiling  to  grain  being  completed,  the 
granular  mass  of  crystals  and  syrup  passes  from  the  vacuum- 
pan  into  heaters  in  which  the  temperature  of  the  mass  is  raised 
to  180" — 190"  Fah.  that  in  the  pan  having  been  about  150°  Fah. 
The  mass  is  then  filled  into  conical  moulds  and  allowed  to  cool. 
After  a  lapse  of  about  twenty  hours  a  fine  opening  is  made 
at  the  apex  of  the  cone,  and  the  syrup  allowed  to  flow  out. 
The  sugar  is  then  known  as  loaf-sugar.  If  crystals  are  needed, 
the  mass  is  filled  into  the  sieve  of  a  centrifugal  machine,  by 
which  means  the  syrup  is  removed. 

823  Extraction  of  GrystallizahU  Sugar  from  Molasses,  It  has 
been  already  stated  that  a  quantity  equal  to  one  half  the  total 
obtained  sugar  remains  in  the  molasses,  from  which  it  cannot 
be  removed  by  simple  evaporation  or  crystallization^  and  the 
same  is  true  of  the  beet-root  liquors.  One  of  the  most  im- 
portant problems  for  the  sugar-boiler  is  to  obtain  this  sugar  in 
a  crystallizable  condition,  and  a  large  number  of  processes  have 
been  proposed  for  effecting  this.  Of  these,  the  one  of  most 
importance  depends  on  the  formation  of  basic  strontium 
sucrate,  which  being  insoluble  in  syrup  can  be  easily  separated 
from  the  non-crystalline  sugar  syrup,  and  which,  when  afterwards 
decomposed  by  carbonic  acid,  yields  a  crystalline  sugar.  More- 
over, if  the  insoluble  sucrate  prepared  in  hot  solutions  be 
allowed  to  cool,  the  basic  compound  decomposes  with  precipita- 
tion of  strontium  hydroxide,  the  solution  consisting  of  a  sugar 
syrup  saturated  with  this  hydroxide.  By  this  means  nearly  the 
whole  of  the  crystallizable  sugar  contained  in  the  molasses  can  be 
regained,  and  the  process  bids  fair  to  become  generally  adopted 
provided  a  sufficient  quantity  of  native  strontianite  (SrCOg)  can 
be  obtained.  A  second  plan  also  largely  employed,  especially  for 
beet  syrups,  is  known  as  the  alum  process.  These  syrups  contain 
a  large  proportion  of  potash  salts — according  to  Dr.  Wallace, 
KCl  187,  K2SO4  4-18,  K2CO3,  or  53-8  per  cent,  of  the  total  dry 
salts — which  retard  the  crystallization  considerably.  To  these 
syrups  a  quantity  of  sulphate  of  alumina  is  added  sufficient  to 
form  an  alum  with  the  whole  of  the  potash.  Alum  is  insoluble 
in  the  syrup,  and  is  deposited  from  this  solution  in  fine  crystals 
known  as  alum  meal,  and  this  is  then  separated  from  the  syrup 
which  is  afterwards  worked  up  for  crystallizable  sugar. 

The  employment  of  the  vinasse  for  the  preparation  of  potash- 
salts,  methyl-compounds  and  ammonia,  has  abeady  been  noticed 
(Vol.  III.  Part  I.  page  196). 
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Sorghum  Sugar.  The  manufacture  of  sugar  from  this 
source  appeared  to  offer  a  large  measure  of  success,  inasmuch 
as  this  cane  thrives  in  climates  too  hot  for  beet-root  culture,  but 
too  cold  for  that  of  the  sugar-cane  proper.  Owing,  however, 
to  the  fact  that  this  plant  yields  a  larger  proportion  of  invert- 
sugar  than  ordinary  cane-j  nice,  and  likewise  contains  gum, 
albumen,  and  salts  in  larger  quantity,  a  great  extension  of 
this  manufacture  has  not  taken  place.  Recently,  however^ 
Stewart  has  proposed  a  plan  by  which  crystallizable  sugar  can 
be  economically  prepared  from  Sorghum  cane,  and  in  the  south 
of  Russia  this  plant  is  said  to  yield  from  14*2  to  16*5  per  cent.i 

The  Extraction  of  Sugar  from  plants  on  the  small  scale  is 
best  effected  as  follows  :  the  plant  is  dried,  sliced,  and  repeatedly 
extracted  with  seventy  per  cent,  alcohol.  On  cooling,  the 
filtered  alcoholic  solution  deposits  crystals  of  sugar,  and  a 
further  crop  is  obtained  on  evaporation  (Marggraf).  Another 
plan  is  to  prepare  sucrate  of  lime,  or  of  strontia,  from  the  juice, 
and  to  decompose  these  compounds  by  carbon  dioxide. 

Sugar  Analysis. 

824  At  the  commencement  of  the  beet-root  sugar  manu- 
facture, the  quantity  of  sugar  was  estimated  by  extraction 
with  alcohol  by  the  method  already  given.  Afterwards,  this 
process  was  superseded  by  that  of  allowing  the  juice  to  ferment 
on  addition  of  yeast,  the  quantity  of  alcohol  and  of  carbonic 
acid  generated  being  determined.  Another  plan  was  to  take 
the  specific  gravity  of  the  juice  before  and  after  the  fermenta- 
tion, the  alcohol  being  removed  by  ebullition,  and  the  volume 
made  up  to  the  original  one  by  the  addition  of  water. 

These  and  other  methods  have  now  been  replaced  by  that 
of  optical  analysis.  This  depends  upon  the  special  power  which 
solutions  of  saccharoses  and  glucoses  possess,  of  deviating  the 
plane  of  a  ray  of  polarized  light,  and  upon  the  law  discovered  by 
Biot,  that  the  amount  of  this  deviation  to  the  right  or  to  the 
left  is  directly  proportional  to  the  weight  of  sugar  contained 
in  the  unit  volume  of  liquid,  and  to  the  length  of  column  through 
which  the  ray  passes.  This  has,  however,  been  found  not  to  be 
perfectly  true,  as  Hesse  ^  and  Tollens^  have  shown  that  the 
same  quantity  of  sugar  possesses  a  somewhat  greater  rotatory 

^  Nature,  vol.  xxviii.  376.  2  _^jj^_  CheTn.  Pharm,  clsxvi.  89,  189. 

3  Ber.  Deutsch.  Chem.  Gcs.  xi.  1800. 
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power  in  dilute  than  in  concentrated  solution.     Still  this  error 
does  not  materially  affect  the  practical  estimation. 

Many  different  kinds  of  polariscopes  have  been,  and  are  now- 
employed  in  the  optical  analysis  of  sugars.  One  of  the  simplest 
forms  of  saccharimeter,  as  suggested  by  Mitscherlich  and  Soleil, 
is  shown  in  Figs.  128  and  129  respectively.  The  two  Nichol's 
prisms^  are  placed  at  each  end  {a  and  h)  of  the  apparatus, 
and  the  liquid  to  be  examined  is  brought  into  the  tube 
(Fig.  130),  and  this  then  placed  between  the  Nichols  in 
the  direction  denoted  by  the  dotted  line  (Fig.  129).  If, 
before  the  tube   is  placed  in  position,  the  Nicholas  prisms  are 


Fi«.  128. 

so  turned  that  no  light  passes  through,  it  will  be  observed 
that  light  is  seen  to  pass  through  the  prisms  after  the  tube 
is  placed  in  position,  and  the  Nichol  {a)  will  have  to  be  turned 
round  through  a  certain  angle  in  order  to  prevent  any  light 
passing.  The  magnitude  of  this  angle  is  read  off  on  the 
divided  circle  (Fig.  128).  The  deviation  is  in  this  case  propor- 
tional to  the  volume-percentage  of  sugar,  as  the  length  of  column 
remains  constant.  Thus  supposing  that  a  sugar  solution  containing 
15  grms.  of  pure   cane-sugar,  in  100  cbc.  be  found  to  effect  a 

'  For  a  description  of  this  phenomena  of  polarization,  works  on  Physics  must 
be  consulted. 
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deviation  of  +  20°,  then  10*5  grm.  dissolved  in  100  obc.  will  be 
found  to  give  a  deviation  of  +  14°,  for  20  :  15  :  :  14  :  10*5.  If 
fifteen  grms.  of  any  sugar-containing  substance  be  dissolved  in 
100  cbc.  of  water,  and  if  the  angular  rotation  of  this  solution  be 
multiplied  by  five,  the  percentage  by  weight  of  sugar  is  obtained ; 
thus  a  solution  of  fifteen  grms.  of  raw  sugar  gave  a  rotation  of 
19°,  or  the  sample  contains  19x5  =95  per  cent,  of  cane-sugar. 


Fig.  129. 

The  accuracy  of  this  method  depends  of  course  on  the 
degree  of  exactitude  with  which  the  point  of  greatest  dark- 
ness can  be  estimated.  In  practice  this  has  been  found  to 
be  a  difficulty,  and  to  obviate  it,  Soleil  has  made  the  following 
addition  to  the  polariscope.  In  front  of  the  prism  (b)  Fig.  131 
is  placed  a  plate  of  rock-crystal,  3"75  or  7'5  mm.  in  thickness, 
and  cut  at  right  angles  to  the  axis.     This  consists  of  two  halves 


Fig.   130. 


(Fig.  132),  one  of  which  (g),  turns  the  plane  to  the  right,  and 
the  other  (d),  possesses  the  opposite  or  laevo-rotatory  power.  Now 
when  the  prism  (a)  is  rotated,  each  half  of  the  quartz  plate  will 
attain  different  tints,  and  the  same  effect  will  be  observed  ifi 
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instead  of  rotating  the  prism,  the  tube  containing  a  solution 
of  sugar  be  placed  between  the  prisms.  In  order  to  bring  about 
an  identity  of  tint  in  the  halves  of  the  quartz  plate,  the  prism 
[a)  must  be  turned  through  a  given  angle.     Tlie  same  object  is 


Fig.  131. 


attained  with  greater  precision  than  is  possible  by  turning  the 
prism,  by  an  arrangement  also  made  by  Soleil,  and  termed 
the  compensator.  It  consists  in  the  first  place  of  a  plate  of 
quartz    (the   thickness   and   kind    of  polarization   of  which   is 


immaterial),  placed  at  n  (Fig.  131),  and  secondly  of  two  equal 
right-angled  quartz  prisms  (Fig.  133),  cut  so  that  the  surfaces 
/  /  are  perpendicular  to  the  axis  of  the  crystal.  These  prisms 
can  slide  one  over  the  other,  so  that  any  desired  thickness  of 


'i  llMlf|niHt/i|mil)n^il|-|^|,||^^|,  1,111,1  yi 


1 1  y  1 1  n  1 1 T  [  [  1 1 1 


^ 


Fig.  133. 


quartz  can  be  brought  in  the  line  of  vision.  A  scale  and  vernier 
attached  to  these  quartz  prisms  are  so  arranged  that  when  the 
vernier  points  to  0°,  the  thickness  of  the  two  prisms  is  equal  to 
the  thickness  of  the  plate  n,  so  that,  possessing  opposite  rotatory 
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powers,  the  optical  action  of  the  one  is  counterbalanced  bj  that 
of  the  other.  If,  when  bhus  arranged,  a  source  of  light  be 
allowed  to  pass  through  the  apparatus  into  the  eye,  the  two 
halves  {g  d),  of  the  quartz  plate  will  appear  of  a  violet  colour, 
(neutral  point,  transition  tint,  tcinte  de  passage). 

The  insertion  of  a  column  of  sugar  solution,  of  course  disturbs 
this  equality  of  tint,  and  the  observer  has  then  to  alter  the 
position  of  one  or  other  of  the  quartz  prisms  (by  means  of  a 


Fig.  134. 


rack   and   pinion   motion),   until    this    neutral    tint    is    again 
reached, 

825  Many  other  forms  of  saccharimeters  are  employed;  of 
those  in  general  use  may  be  mentioned,  (1)  the  Laurent  pdnomhre^ 
or  half-shadow  instrument  (Fig.  134),  (2)  the  Soleil-Ventzke 
saccharimeter,  (3)  Wild's  polaristrobometer  (Fig.  136),  and  (4) 
the  form  of  apparatus  now  generally  adopted  both  in  England 
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and  Germany,  manufactured  by  Messrs.  Schmidt  and  Haensch 
of  Berlin  (Fig.  135). 

For  the  exact  description  of  these  different  instruments  we 
must  refer  the  reader  to  Landolt's  Eandhook  of  the  Folarisco'pe, 
(Macmillan  &  Co.,  1882).  Suffice  it  here  to  say  that  the  instru- 
ment made  by  Schmidt  and  Haensch,  claims  to  combine  the 
advantages  of  the  Soleil-Scheibler  with  those  of  the  Laurent 
apparatus.  In  common  with  the  former  it  admits  of  the  use  of 
white  light,  and  thus  does  away  with  the  trouble  of  the  sodium 
flame,  and  is  more  suitable  for  dark  solutions.  Yet,  like  the 
Laurent,  Jellett,  Cornu,  and  other  instruments,  it  is  a  lialf- 
shadow  instrument,  and  the  two  fields  differ  only  in  intensity  of 
light  and  not  in  colour  (Jellett),  so  that  the  personal  error  is 
less  than  when  the  transition  tint  has  to  be  reached. 


Fig.  135. 


The  one  disadvantage  attending  the  use  of  this  instrument, 
viz.  that  the  chromatic  dispersion  due  to  the  rotatory  power  of 
sugar  solutions  and  quartz  are  not  absolutely  identical,  and 
that  therefore  the  field  is  not  perfectly  colourless  for  large 
rotations,  has  been  remedied  by  an  arrangement  of  a  so-called 
regulator  recently  adapted  to  their  instruments  by  Messrs. 
Schmidt  and  Haensch.^  Although  the  instrument  last  described 
is  that  to  be  most  strongly  recommended  for  practical  sugar- 
work,  there  is  no  doubt  that  for  more  strictly  scientific  purposes 
the  Laurent  instrument  with  sodium  flame,  is  for  many  reasons 
the  most  accurate.^ 

1  See  Landolt,  Polariscope,   p.   155,   and  also  Zeitschrift  des   Fereins  fiir  die 
Mbenzucker  Industrie^  Sept.  1881,  and  Jan.  and  Dec.  1880. 
^  Gamgee,  Phys.  Ckem,  pp.  9  and  10, 
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826  The  following  is  a  short  description  of  the  method  adopted 
in  the  optical  analysis  of  a  cane-sugar  contained  in  a  solution  of 
beet-root  sugar,  which  it  may  be  assumed  does  not  contain  any 
appreciable  quantity  of  glucose,  the  instrument  used  being  a 
Soleil-Ventzke,  1°  on  the  scale  corresponding  to  0*26048  grms.  of 
sugar  in  100  cbc.  of  water. 


Fig.  136. 

The  modus  operandi  is  as  follows  : 

26-048  grms.  (in  case  of  a  Ventzke  instrument),  of  the  sample 
which  has  been  thoroughly  mixed  in  a  mortar,  are  weighed  out 
into  a  German-silver  dish  of  a  convenient  size  and  shape. 
From  this  the  sugar  is  washed  with  as  little  water  as  possible 
into  a  100  cbc.  flask,  exactly  graduated. 
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As  soon  as  the  sugar  is  all  dissolved,  a  few  cbc.  of  a  solution  of 
basic  acetate  of  lead  (the  amount  varies  with  the  nature  of 
the  sugar)  are  added,  and  about  2  cbc.  of  well  washed  Al2(0H)g 
in  water ;  the  former  solution  precipitates  a  great  part  of  the 
colouring  matter  present,  and  the  alumina  prevents  any  of  the 
very  finely  divided  lead  precipitate  from  passing  through  the 
filter,  and  thus  a  clear  and  bright  filtrate  is  obtained. 

The  volume  occupied  by  the  lead  precipitate  and  of  the 
alumina  has  been  proved  to  be  insufficient  in  most  cases  to 
affect  the  true  polariscope  reading. 

The  use  of  animal  charcoal  for  preparing  a  sugar  solution  for 
the  polariscope  is  now  quite  given  up,  owing  to  the  fact  that  it 
absorbs  some  of  the  sugar  from  solution,  and  hence  too  low  a 
reading  is  obtained. 

The  clear  fidtrate  is  now  poured  into  a  glass  tube  of  exactly 
two  decimetres  in  length,  and  the  two  ends  closed  by  plane  glass 
covers  held  on  by  brass  heads,  care  being  taken  not  to  screw  on 
the  heads  so  tightly  as  to  exert  more  than  a  very  gentle  pressure 
upon  the  cover-glasses,  otherwise  the  error  introduced  by  rotation 
due  to  strains  of  the  glass  may  be  considerable,  amounting  in 
some  cases  to  as  much  as  0*5 — 0  7  degree  on  the  Yentzke  scale. 
The  actual  reading  of  the  result  on  the  instrument  is  a  matter 
which  only  requires  experience  and  care.  With  a  good  half- 
shadow  instrument,  such  as  those  made  by  Schmidt  and  Haensch 
of  Berlin,  and  an  ordinary  beet  solution,  a  practised  eye  should 
be  able  to  read  with  certainty  to  within  01  per  cent.  It  is  usual 
to  take  several  readings,  which  should  not  differ  by  more  than  0*2, 
the  mean  being  taken  as  correct.  It  is  also  well  each  time, 
before  using  the  instrument,  to  check  the  zero  point  of  the  scale. 
This  is  not  so  importa,nt  however,  with  the  half-shadow  instru- 
ments in  which  a  monochromatic  flame  is  used,  for  in  this  case 
the  zero  point  can  only  be  affected  by  some  slight  displacement 
of  some  essential  portion  of  the  instrument,  whereas  in  the  case 
of  the  older  colour  instruments,  and  of  those  instruments  using 
a  white  light,  a  mere  change  in  the  gas-pressure  was  sufficient 
to  upset  the  zero. 

The  percentage  of  cane-sugar  thus  found  by  direct  reading, 
is  taken  for  trade  purposes  to  be  the  true  representation  of  the 
amount  of  cane-sugar  present,  and  all  transactions  in  the  English 
and  Scotch  markets  are  based  on  this  assumption.  Doubtless  in 
many  cases  the  results  are  sufficiently  correct,  but  that  they 
cannot  be  so  in  all  cases  will  be  seen  from  the  following  list  of 
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other  active  substances  than  sngar  that  are  found  in  beet-roots, 
and  many  of  which  find  their  way  into  the  raw  sugars  : — 

Malic  Acid    ....  Laevo-rotatory. 

Asparagin  and  Aspartic  Acid.  Both  +  in  acid  and  —  in  alkaline 

solution. 

Glutamic  Acid        .  .  .  +. 

Invert  sugar .  .  .  ,  — . 

Beet-gum      .         .  .  .  — . 

Dextrin  .         .         .         .  +  very  strongly. 

827  Estimation  of  SoluhU  Ash.  The  compounds  of  alkali  and 
other  metals,  which  occur  in  the  sugar  with  various  organic  and 
inorganic  acids,  are  known  as  soluble  ash.  The  importance  of 
ascertaining  the  total  quantity  of  these  constituents  isindicated  by 
the  fact  that  they  influence  to  a  great  degree  the  amount  of  crystal- 
izable  sugar  which  can  be  obtained,  inasmuch  as  they  prevent 
the  crystallization  of  a  considerable  quantity  of  the  cane-sugar. 
In  practice  it  is  found  that  1  per  cent,  of  soluble  ash  prevents  5  per 
cent,  of  sugar  from  crystallizing.  For  this  determination,  about 
2grms.  of  sugar  is  placed  in  a  tarred  platinum  dish,  and  moistened 
with  pure  concentrated  sulphuric  acid,  then  charred  carefully, 
and  ignited  in  a  platinum  muffle  until  the  whole  of  the  organic 
matter  is  destroyed.  It  is  the  custom  in  the  trade  to  deduct 
xV  of  the  weight  of  ash  as  roughly  representing  the  increase  in 
weight  due  to  the  replacement  of  the  various  acids  by  sulphuric, 
and  the  difference  multiplied  by  ^yq  is  deducted  from  the 
percentage  of  sugar  obtained  by  the  saccharimeter. 

These  determinations  are  the  only  ones  needed  in  the  case 
of  high  class  beet-root  sugars.  In  certain  cases,  however,  of  low- 
class  samples,  the  amount  of  insoluble  ash  (silica,  &c.)j  is 
determined,  and  this  deducted  from  the  weight  of  soluble  ash. 
The  quantity  of  water  in  beet-sugar  is  also  sometimes  determined 
as  a  check,  but  it  does  not  enter  into  the  calculation  of  the  net 
value.  The  following  example  shows  the  result  of  an  analysis 
of  beet-sugar : 


Cane-sugar  (found  by  polariscope)      =  95 '40  p.c. 
Sulphated  ash     =  0'0230  less  V  +  0-0207  grms.  =  I'OS  p.c. 
from  2  grms.  sugar 

Percentage  of  net  available  sugar,  95'4  —  (1"03  x  5)  =  90*25. 

Such  a  sugar  would  probably  contain  about  three  per  cent, 
of  moisture,  and  0*5  per  cent,  of  organic  matter  not  sugar. 
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828  Analysis  of  Cane-Sicgars,  Jaggery,  &c,  Estimation  of 
Cam-Sugar  and  Glucose.  In  this  case  the  amount  of  glucose  or 
invert-sugar  present  has  to  be  estimated  as  well  as  that  of  the 
cane-sugar.  For  this  ^^urpose  the  cane-sugar  is  estimated 
optically,  as  already  described.  The  invert-sugar  is  estimated 
by  FeUing's  method.  This  depends  on  the  fact  that  an  alka- 
line cupric  solution  is  reduced  by  glucose,  the  point  at  which 
decolorization  of  the  standard  solution  occurs  being  ascertained. 
In  some  cases  the  weight  of  reduced  cuprous  oxide  is  ascer- 
tained, but  in  general  the  simpler  volumetric  process  is  adopted. 

The  following  is  one  of  the  best  receipts  for  preparing 
Fehhng's  solution : 

(a)  Dissolve  34-639  grms.  of  crystallized  copper  sulphate, 
powdered  and  dried  between  filter-paper,  in  200  cbc.  of  hot  water. 

(h)  Dissolve  in  another  vessel  173  grms.  of  pure  crystallized 
Rochelle  salt  in  480  cbc.  of  pure  solution  of  sodium  hydrate 
of  sp.  gr.  1*14, 

Add  the  first  solution  to  the  second,  and  dilute  the  clear  deep 
blue  liquid  to  1,000  cbc.  and  pour  into  a  stoppered  bottle  of 
dark  blue  glass.  In  such  a  bottle  the  solution  will  keep  for  a 
considerable  time  without  decomposing,  even  though  it  has  not 
been  boiled,  as  some  authors  recommend. 

The  solution  is  standardized  by  means  of  a  weak  solution  of 
invert-sugar,  2*375  grms.  dry  powdered  cane-sugar  are  dissolved 
in  a  httle  water  and  heated  for  a  few  minutes  to  60°  C.  with 
a  few  drops  of  concentrated  sulphuric  acid.  The  solution  is 
then  cooled,  neutralized  with  sodium  carbonate,  and  made  up  to 
500  cbc.  Each  10  cbc.  of  this  solution  contains  0*05  grm.  of 
invert-sugar,  and  should  be  capable  of  exactly  reducing  10  cbc. 
of  the  copper  solution. 

It  is  usual  to  take  10  cbc.  of  the  Fehling  solution  in  a  small  flask, 
or  large  test-tube,  dilute  with  20  cbc.  of  water,  boil  and  titrate 
with  the  sugar  solution,  boiling  again  after  each  addition  of  the 
reducing  agent.  The  end  of  the  reaction  is  indicated  by  a 
transition  of  the  colour  of  the  solution  from  a  pale  blue  to  a 
brown  colour.  The  point  may  also  be  confirmed  by  filtering 
o£f  a  few  drops  and  testing  with  an  acetic  acid  solution  of 
potassium  ferrocyanide. 

In  the  analysis  of  raw  sugars  containing  glucose  the  following 

method  is  adopted  :  Of  the  solution  of  26 '048  grms.  of  the  sugar 

in  100  cbc,  which  has  been  used  for  polarizing,  25  cbc.  are  taken, 

a  slight  excess  of  sulphurous  acid  is  added  to  remove  the  lead, 

197 
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and  a  little  precipitated  alumina;  the  whole  is  then  made  up  to  50 
or  100  cbc.  according  to  the  nature  of  the  sugar  (it  being  always 
desirable  to  have  a  solution  of  such  a  strength  that  10  cbc.  contains 
somewhat  about  0"05  grm.  glucose).  The  solution  is  filtered 
and  10  cbc.  of  Fehling  titrated  by  it.  From  the  number  of  cbc. 
used  the  amount  of  glucose  present  can  easily  be  calculated. 
It  is  in  this  case  supposed  that  1  per  cent,  of  soluble  ash  entails 
a  loss  of  5  per  cent,  of  sugar.  But  the  glucose  present  also 
acts  in  a  similar  way,  1  per  cent,  of  this  substance  being  con- 
sidered to  prevent  1  per  cent,  of  cane-sugar  from  crystallizing. 
We  thus  have  the  net  value  of  such  a  cane-jaggery  estimated 
as  follows : 

Cane-sugar  by  direct  reading  of  polariscope  =  76'80 
Glucose  by  Fehling s  test     ...  ...  ...         9'04 

Sol.  ash  =  2  27  p.c.  x  5  +  11-35  +  9-04  -  20'39 
Net  =  76-8  -  20-39  =  56*41  p.c.  crystalUzable  sugar. 

The  presence  of  uncrystallizable  sugars  does  not  interfere 
with  the  results  of  optical  analysis,  as  they  are  optically  in- 
active.^ On  the  other  hand  the  organic  acids  and  other  bodies 
which  occur  in  the  juice  are  some  of  them  dextro-  and  others 
laevo-rotatory.  In  addition,  beet-root  molasses  contains  raffinose^ 
2CgH^gOg  +  SHgO,  a  tasteless  crystalline  body  which  possesses  a 
more  powerful  dextro-rotatory  power  than  cane-sugar.^  Practi- 
cally it  appears  that  the  error  due  to  the  rotatory  power  of 
these  substances  has  been  found  to  lie  as  often  in  one  direction 
as  the  other,  and  in  few  cases  it  exceeds  1  to  2  per  cent.  For 
the  purpose  of  checking  this  reading,  the  inversion  method 
suggested  by  Clerget  is  the  best.^ 

Adulterations.  The  above  methods  are  sufficient  to  determine 
the  value  of  unadulterated  beet-  or  raw  cane-sugar,  but  if,  as  has 
happened  in  some  cases,  the  sugar  be  purposely  mixed  with  cheap 
commercial  glucose  or  maltose,  a  further  examination  is  neces- 
sary. For  this  purpose  advantage  is  taken  of  the  fact  that 
freshly  prepared  solutions  of  dextro-glucose,  the  principal  con- 
stituent of  commercial  glucose,  when  allowed  to  stand  for  some 
hours,  or  when  gently  warmed,  lose  their  rotatory  power.  Thus 
a  sugar  adulterated  with  10  per  cent,  of  a  solid  commercial 
glucose  (and  it  would  not  be  worth  while  to  add  less),  will  show 

^  Girarde  and  Laborde,  Comptcs  PievclHs,  Ixxxii.  214.  417. 
^  Loisseau,  BiUl.  iboc.  Chim.  xxvi.  3'j5. 
^  Laudolt,  Polariscope,  187,  Lc. 
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a  difference  of  from  3°  to  4°  on  the  Ventzke  scale  between  the  first 
and  second  readings,  the  usual  proportion  of  26'048  grms.  in 
100  cbc.  being  taken. 

For  other  methods  of  testing  for  and  determining  the  amount 
of  this  adulteration  we  may  refer  to  Tucker  s  Manual  of  Sn^gar 
Analysis,  p.  287. 


Fig.  137. 


829  Payen-ScheiUers  Method.     A  totally  different  method  of 
estimating  the  quantity  of  crystallizable    sugar  in  raw  cane- 
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sugar  is  that  proposed  by  Payen  and  modified  by  Scheibler. 
This  process  depends  upon  the  fact  that  if  raw  sugars  be 
treated  with  an  alcohoHc  saturated  solution  of  cane-sugar  acidified 
with  acetic  acid,  the  colouring  matter  and  other  impurities, 
together  with  the  syrup  and  other  uncrystalKzable  constituents, 
are  removed,  whilst  the  crystalline  su.sjar  remains  unchanged. 
The  sugar  adhering  from  the  alcohohc  liquid  is  then  washed  out 
by  pure  alcohol.  Fig.  137  shows  the  arrangement  used  in  this 
method.  The  bottles  1,  2,  3,  and  4,  contain  the  alcoholic  sugar- 
wash  solutions  which,  in  Nos.  1  and  2,  consist  of  alcohohc 
acidified  and  saturated  solutions  of  sugar,  whilst  No.  3  contains 
pure  alcohol  of  85  per  cent.,  and  No.  4  absolute  alcohol.  The 
sugars  to  be  examined  are  placed  in  the  vertical  tabes,  washed, 
and  afterwards  dried  in  a  filter  pump.^ 

830  Properties  of  Cane  Sugar.  Pure  cane-sugar  crystallizes  from 
aqueous  solution  in  hard  transparent  monoclinic  prisms  which 
grate  between  the  teeth,  and  when  broken  emit  a  bluish  light. 
Its  specific  gravity  at  3°"9  is  1'593,  and  its  coefficient  of  cubic 
expansion  from  0° — 100°  is  O'OlllG.^  100  parts  of  the  saturated 
aqueous  solution  contain  at 

(f  10"  20"  30"  40''  50" 

65-0     ^o-Q     670     69-8     75-8     827  parts  of  cane-sugar. 

From  this  point  the  solubility  increases  rapidly,  so  that  in 
boiling  water  it  dissolves  in  all  proportions. 

It  is  practically  insoluble  in  absolute  alcohol,  whilst  in  dilute 
spirit  it  dissolves  the  more  rapidly  according  to  the  quantity  of 
water  present,  but  not  into  direct  proportion  to  the  quantity  of 
the  latter,  as  a  weak  alcoholic  solution  contains  more  sugar  than 
would  be  dissolved  by  the  quantity  of  water  present,  whilst  a  liquid 
rich  in  alcohol  dissolves  a  less  quantity  of  sugar  than  is  propor- 
tional to  the  amount  of  water  which  it  contains.  If,  therefore, 
to  a  solution  of  cane-sugar  saturated  at  14°  an  equal  volume 
of  alcohol  be  added,  the  liquid  remains  clear,  but  if  more  alcohol 
be  added,  sugar  separates  out.  Scheibler,  who  has  investigated 
this  subject,  has  constructed  tables  showing  the  solubility  of 
sugar  in  alcohol  of  different  strengths,  a  subject  of  importance 
to  manufacturers  of  liqueurs.^ 

''  For  further  information,  see  Nichol,  Fresenms  Zeitschr.  xiv.  180  ;  Stammer, 
Lehrhuch  dcrZiickerfabrikation;  R.  Fruhling  and  J.  Schnlz,  Untersuelmiigcn  v . 
Zucker  and  Rohstoffe,  d-c.  (Vieweg,  1881) ;  Lippmann,  Die  Zuckcrarten;  "Walkoff, 
Frakt.  Ruben  Znckerfahrikation^  &c. 

2  Joule  and  Playfair,  Chem.  Soc.Journ.  I.,  130. 

3  Ber.  Bcutsch.  Chem.  Ges.  v.  343. 
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Cane-sugar  melts  at  160°— 161°  and  on  cooling  does  not  again 
crystallize.^  If  kept  for  some  time  at  a  temperature  somewhat 
above  its  melting-point,  it  becomes  transformed  without  loss  of 
weight  into  a  mixture  of  equal  molecules  of  grape  sugar, 
CgHisOg,  and  laevulosan,  CgHioOs  (p.  547).2  If,  however,  sugar 
be  melted  in  presence  of  a  small  quantity  of  water,  as  is  done 
in  the  manufacture  of  bonbons  and  barley-sugar  (in  the  pre- 
paration of  which  latter  barley-water  was  formerly  used),  a 
glassy  mass  is  obtained  on  cooling,  which  contains  mechanically 
inclosed  water.  This  dissolves  a  small  quantity  of  the  sugar, 
and  deposits  it  again  in  the  crystalline  condition,  as  a  body  is  more 
soluble  in  water  in  the  amorphous  state  than  when  crystalline 
— and  this  goes  on  until  the  whole  mass  becomes  crystalhne. 
If  the  mass  be  broken  the  water  can  be  distinctly  recognized 
between  the  crystals.^ 

When  sugar  is  heated  above  its  melting  point  it  swells 
up,  owing  to  escape  of  water,  and  afterwards  turns  brown, 
caramel  being  formed.  This  latter  is  a  mixture  of  several 
bodies,  of  which  what  little  is  known  is  due  to  the  re- 
searches of  G^lis.*  At  temperatures  below  190°  caramelan, 
CjgHjgOg,  is  principally  formed ;  this  is  an  amorphous,  brittle, 
very  deliquescent  mass,  having  a  bitter  taste,  and  being  colour- 
less when  pure,  and  incapable  of  being  reconverted  into  sugar. 
At  a  higher  temperature  (about  210° — 220")  dark-coloured 
substances  are  produced  in  larger  or  smaller  quantity,  some  of 
which  are  soluble  and  others  insoluble  in  water  or  alcohol. 
Caramel  is  also  formed  on  heating  starch-sugar  ;  and  prepared  in 
this  way  it  is  used,  under  the  name  of  "  colouring,"  for  tinting 
artificial  cognac,  rum,  &c. 

When  sugar  is  more  strongly  heated  certain  peculiar  aromatic- 
smelling  products  are  given  off,  and  a  residue  of  porous  glisten- 
ing charcoal  remains  behind,  known  as  sugar-charcoal.  Amongst 
the  products  which  are  formed  in  the  ■  dry  distillation  of  cane- 
sugar,  aldehyde,  acetic  acid,  &c.,  have  been  found,  together  with 
carbon  dioxide,  carbon  monoxide,  and  some  marsh  gas.^  If 
sugar  be  distilled  with  quick-lime,  acetic  acid,  acetone  metace- 
tone,  CsH^oO^^  ^^^  phorone,  C^TL^fi  (Vol.  III.  part  I.  p.  572)  are 

^  Berzelius,  Fogg.  Ann.  xlvii.  321. 

2  Gelia,  CompL  Bend,  xlviii.  1062. 

'  Mitscherlich,  Fogg,  Ann.  Iv.  223. 

*  Ann.  Chim.  Phys.  [3],  lii.  260 ;  Ixv.  496. 

»  Volckel,  Ann.  Chem.  Fharm.  Ixxxv.  59 ;  Kaiser,  Jahresb.  1862,  472. 

'  Gottlieb,  Ann.  Chem.  Fharm.  lii.  127  ;  Schwarz,  ih.  Ixxyi.  292, 
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formed/  and  amongst  the  gases  evolved,  acetylene  and  its 
homologues  occur.  ^  Metacetone  is  a  pleasantly-smelling  liquid 
which  boils  at  84°^  and  is  oxidized  by  chromic  acid  solution 
to  carbon  dioxide,  and  acetic  and  propionic  acids. 

Dry  sugar  is  carbonized  by  concentrated  sulphuric  acid  only 
on  warming,  whilst  a  concentrated  syrupy  solution  is  acted  on 
in  the  cold;  the  sugar  blackens  and  swells  up  enormously, 
carbon  monoxide,  carbon  dioxide,  and  sulphur  dioxide  are 
evolved,  and  charcoal  remains  behind.  On  heating  ,with  strong 
hydrochloric  acid  a  similar  action  occurs. 

When  sugar  is  boiled  with  pure  water  it  does  not  undergo 
change ;  in  the  presence  of  acids,  however,  it  is  transformed  into 
invert-sugar  (p.  545).  This  inversion  is  effected  even  by  car- 
bonic acid,  taking  place  very  slowly  in  the  cold,  as  is  the  case 
also  when  other  dilute  acids  are  employed.  If,  however,  a  larger 
solution  saturated  with  carbon  dioxide  be  heated  in  a  closed 
tube  for  a  few  hours  to  100°  the  conversion  is  at  once  completed.^ 

When  sugar  is  heated  with  water  to  160°  it  is  decomposed 
with  formation  of  formic  acid,  carbon  dioxide,  and  charcoal.^  At 
a  temperature  of  280°  the  two  last-named  products  are  formed 
together  with  some  pyrocatechin,  CgHgOg,  a  derivative  of 
benzene,  CgHg.^ 

Cane-sugar  is  not  carbonized  when  heated  with  caustic  potash 
solution,  and  does  not  precipitate  cuprous  oxide  from  an  alkaline 
copper  solution.  If,  however,  to  an  ammoniacal  silver  solution 
cane-sugar  be  added,  and  then  some  caustic  soda,  a  mirror-like 
deposition  of  silver  takes  place  on  warming.^ 

If  sugar  be  triturated  with  eight  parts  of  lead  oxide  the 
mixture  takes  fire.  When  fused  with  caustic  potash  it  yields 
formic  acid,  acetic  acid,  propionic  acid,  oxalic  acid,  acetone  and 
metacetone  (Gottlieb), 

When  yeast  is  added  to  a  solution  of  cane-sugar  no  immediate 
fermentation  is  produced,  but  this  takes  place  on  standing,  as 
invert-sugar  is  then  formed,  and  this  is  then  acted  upon  by  the 
ferment.  Sugar  acts  as  an  an ti- putrescent,  and  is  therefore 
used  in  the  preservation  of  fruit. 

831  Metallic  CompouTuls  of  Sugar,    Cane-sugar  combines  witli 

^  Benedict,  Ann.  Chcm.  Pharm  clxii.  304. 

2  Berthelot,  Jahresh.  1858,  220. 

3  Von  Lippinann,  Ber.  Deutsch.  Chcm,  Ges.  xiii.  1822, 

4  Loew,  Zeitsch.  Chem.  1867,  510. 

^  Hoppe-Seyler,  Ber.  Deutsch.  Chcm.  Ges.  iv.  15. 

^  Salkowski,  Hoppe-Seyler' 9  Zeitsch.  Pkys.  Chem,  iv.  133. 
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vaxious  oxides  and  hydroxides,  forming  compounds  the  exact 
constitution  of  which  has  not  as  yet  been  determined.  These 
compounds  are  probably  formed  by  the  replacement  of  hydrogen 
in  hydroxyl  by  the  metal,  and  they  have  usually  been  termed 
saccharates,  but  as  this  name  is  also  used  to  designate  the  salts 
of  saccharic  acid,  it  is,  therefore,  convenient  to  adopt  for  the 
compounds  at  present  under  consideration  the  Frencb  term  of 
sucrates. 

Sodium  SucratCy  C^^B..,^'NsiO^^,  separates  as  a  semi-fluid  mass 
on  the  addition  of  a  concentrated  solution  of  caustic  soda  to  a 
solution  of  sugar  in  alcohol ;  the  reaction  is  accompanied  by  an 
evolution  of  heat.  After  washing  with  alcohol  and  drying  in  an 
atmosphere  of  carbon  dioxide  it  forms  a  translucent  friable  mass, 
possessing  a  strongly  alkaline  taste,  and  dissolving  readily  in 
water.  The  solution  is  decomposed  by  carbon  dioxide,  sugar 
being^  asjain  formed.^ 

The  corresponding  potassium  exhibits  exactly  analogous 
reactions. 

Ammonmm  Siocrate,  Q^fi^^Q^'B.^O^y  Sugar  absorbs  dry 
ammonia,  and  is  transformed  into  a  viscous  mass  which  contains 
472  per  cent,  of  ammonia,  this  corresponding  to  the  above 
formula.  On  exposure  to  air  the  ammonia  escapes,  and  sugar 
is  left  behind.^ 

Sucrates  of  Calcium.  At  the  close  of  the  last  century,  Lowitz 
noticed  the  fact  that  lime  dissolves  readily  in  an  aqueous  sugar 
solution,  the  amount  of  lime  dissolved  depending  upon  the 
strength  of  the  sugar  solution/  and  also  upon  the  temperature,^ 
being  the  greater  the  more  sugar  is  present,  but  diminishing 
with  the  increase  in  temperature  of  the  liquid.  This  fact  being- 
explained  by  the  behaviour  of  the  sucrates  as  described  below. 

This  solution,  which  has  an  alkaline  and  bitter  taste,  may  be 
used  instead  of  soda  solution  in  volumetric  analysis  (Peligot), 
and  it  is  also  used  in  medicine.  The  liquor  calcis  saccharahis  of 
the  pharmacopoeia  is  prepared  by  digesting  together  one  part  of 
slaked  lime,  two  parts  of  sugar,  and  twenty  parts  of  water.  The 
mixture  is  filtered,  after  standing  for  a  few  hours;  and  the 
filtered  liquid  contains  one  part  of  lime  to  sixty-five  parts  of  the 
solution.  It  is  administered  in  cases  of  chronic  sickness  and  of 
sickness  during  pregnancy. 

^  Soubeiran,  Journ.  Pharm.  [3],  i.  649  ;  Brendecke,  Arch.  Pharm,  [2],  x::ix.  71. 
^  Berzelius,  TraiU  Chem.  v.  239. 

"  Peligot,   CompL  Rend,  xxxii.   335  ;  Berthelot,  Ann.   Chim.  Phys.  [3],  xlvi. 
173.  *  Dubranfaut,  Compt,  Rend,  xxxii.  498-. 
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The  calcium  sucrates,  or  saccharates  of  lime  as  they  are 
commonly  called,  which  play  so  important  a  part  in  the  sugar 
manufacture,  were  first  more  closely  examined  by  Peligot '  and 
by  Soubeiran.^ 

Monocalciwn  Sucrate,  or  Monobasic  Saccharate  of  Lime, 
CigHggO^^+CaO,  or  0^2^21  (CaOH)Oi^,  is  thrown  down  as  an 
amorphous  precipitate  when  alcohol  is  added  to  a  solution 
containing  equal  molecules  of  sugar  and  lime.  When  dried  in 
an  atmosphere  of  carbon  dioxide  it  forms  a  white,  brittle,  easily 
friable  mass.  To  prepare  the  pure  salt,  a  sugar  solution 
containing  an  excess  of  lime  is  treated  with  magnesium  chloride, 
when  magnesium  hydroxide  is  precipitated,  and  the  monobasic 
saccharate  remains  in  solution  and  is  then  precipitated  by  the 
addition  of  alcohol.^  Monocalcium  sucrate  dissolves  readily  in 
cold  water.  On  boiling  the  solution,  the  triba.sic  saccharate 
separates  out,  but  dissolves  again  on  cooling. 

JDicalcium  Sucrate,  C^^^fi-^^-^2GdiO,  or  0^2^20(^^^011)20^^,  is 
obtained  when  a  solution  of  sugar  is  treated  with  an  excess  of 
slaked  lime  and  the  filtrate  precipitated  by  alcohol.*  It  separates 
from  its  hot  concentrated  aqueous  solution  on  cooling  in  white 
crystals,^  and  dissolves  at  the  ordinary  temperature  in  thirty-three 
parts  of  water,  but  is  more  readily  soluble  in  sugar  solution,  and 
the  aqueous  solution  comports  itself  at  the  boiling  point  as  does 
that  of  the  monobasic  compound. 

Tricalcittm  Sucrate,  G-^^^fi-^^  +  3CaO,  or  Q-^^-^^{OQ.O'E)fi-y^. 
The  formation  of  this  compound  has  already  been  described. 
It  is  obtained  as  a  paste  resembling  coagulated  albumen,  and 
must  be  filtered  hot  and  washed  with  hot  water.  When  dried 
it  forms  hard  brittle  masses  containing  three  molecules  of  water. 
If  powdered  caustic  lime  be  added  to  a  sugar  solution  containing 
alcohol,  heat  is  evolved,  and  after  standing  sixteen  hours  the 
sugar  and  the  lime  have  combined  to  form  a  granular  mass  of 
the  tribasic  sucrate.^  It  requires  more  than  100  parts  of  cold 
water  for  solution,  and,  on  boiling,  one-half  of  the  salt  separates 
out.  It  dissolves  readily,  however,  in  sugar- water.  When 
boiled  with  alcohol  it  is  converted  into  the  anhydrous  hexabasic 
saccharate/ 

^  Ann.  CJiem.  Pharm.  xxx.  71  ;  loc.  cit.  ;  Compt.  Hend.  lix.  930. 

^  Ann.   Chetn.    Pharm.  xliii.  229. 

3  Benedict,  Per.  Deutsch.  Chem,  Ges.  vi.  413. 

*  Pelouze,  Jahresb.  1864,  572. 

^  Boivin  and  Loiseau,  Ann   Chim.  Phys.  [4],  vi.  203. 

^  Neice  Zeitsch.  Eitbenzucker,  iii.  178. 

^  Deon,  Pull.  Chim.  xvii.  155, 
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Strontium  Sucmte,  C^2^^o(^TO'H)fi^^.  When  strontium 
hydroxide  is  added  to  a  boiling  15  per  cent,  solution  of  sugar, 
the  above  compound  begins  to  separate  as  soon  as  more  than 
two  molecules  of  strontia  have  entered  into  solution  to  each  mole- 
cule of  sugar  present.  When  two  and  a  half  molecules  of 
strontia  have  been  added,  almost  the  whole  of  the  sugar  is 
precipitated.  Prepared  in  this  way  it  forms  a  granular  pre- 
cipitate, which  may  be  easily  washed  with  hot  water.  If 
suspended  in  boiling  water  and  allowed  to  cool,  it  decomposes 
slowly  into  its  constituents.  If,  however,  its  solution  be  heated 
with  strontia  under  pressure  above  100°  higher  basic  compounds 
are  obtained  (Scheibler). 

Barium  Suo-ate,  G-^^^-^(BdSyS)0-^y  If  a  hot  solution  of  one 
part  of  caustic  baryta  in  three  parts  of  water  be  mixed  with  the 
syrupy  solution  of  sugar  obtained  by  dissolving  two  parts  of  sugar 
in  four  parts  of  water  the  liquid  solidifies  to  a  crystalline  mass. 
After  washing  with  cold  water  and  drying  in  an  atmosphere 
free  from  carbon  dioxide,  the  salt  is  obtained  in  glistening  scales 
resembling  those  of  boric  acid.  These  have  an  alkaline  taste, 
and,  like  the  preceding  compounds,  are  decomposed  by  carbon 
dioxide,  sugar  being  again  formed.^ 

The  compounds  of  sugar  with  the  alkalis  and  alkaline  earths 
dissolve  many  bodies  which  are  insoluble  in  water,  especially 
metallic  oxides,  as,  for  instance,  oxide  of  iron,  oxide  of  copper, 
&c.^  whilst  the  salts  of  these  metals  in  the  presence  of  sugar 
are  not  precipitated  by  alkalis.^  A  solution  of  lime  in  sugar- 
water  also  dissolves  carbonate,  phosphate,  and  oxalate  of  lime.* 

832  Sucrates  of  Lead,  By  digesting  lead  oxide  with  a  sugar 
solution  Berzelius  obtained  the  compound  0^2^22^11  +  2PbO,  or 
G^^lI^Q(PhOK)fi^j^,  and  when  the  lead  oxide  is  present  in  excess 
all  the  sugar  is  precipitated.^  This  compound  is  also  formed, 
according  to  Peligot,  when  sugar  solution  is  precipitated  with 
ammoniacal  lead  acetate,  and  the  gelatinous  precipitate  thus 
obtained,  dissolved  in  boiling  water  and  the  solution  allowed 
to  cool,  the  disaccharate  separating  out  either  in  crystalhne 
warty  masses  or  in  needles.  It  is  insoluble  in  water,  but  dis- 
solves readily  in  lead  acetate  solution.     According  to  Peligot 

^  Peligot,  Ann,  Chim.  Phys.  [2],  bcvii.  125  ;  see  also  Stein,  Ann.  Chem,  Phann, 
XXX.  82. 

^  Hunton,  Joum.  PraU.  Chem.  xi.  413  ;  Eoderbender,  Jahresh.  1865,  600. 
3  Lassaigne,  C&mpt.  Rend.  xiv.  691 ;  Grothe,  Joum.  Prakt.  Chem,  xcii.  175. 
*  Bobbiere,  Ann.  Chem.  Phari/i.  Ixxx.  344, 
^  Dubranfaut,  Compt  Rend,  xjcxii.  498. 
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this  compound  has  the  formula  Cj^H^gPhgO^^j^,  but  the  above 
formula  given  to  the  compound  by  Berzelius  has  been  verified 
by  the  researches  of  Mulder,  who  has  also  shown  that  ihia 
substance  loses  a  molecule  of  water  when  heated  to  165°.^ 

When  caustic  soda  solution  is  added  to  a  solution  of  sugar 
and  lead  acetate,  the  tribasic  saccharate  G-^2^i6^^3^ii  ^^  P^®" 
cipitated ;  this  is  somewhat  soluble  in  boiling  water  and 
dissolves  readily  in  c:iustic  potash.  It  is  also  easily  soluble 
in  sugar-water,  and  from  this  solution  the  tribasic  compound 
separates  in  needles  (Boivin  and  Loiseau). 

Lead  is  attacked  by  sugar  solution,  slowly  at  the  ordinary 
temperature  and  more  quickly  at  the  boiling  point,  the  lead 
passing  into  solution.  Copper  and  zinc,  on  the  other  hand,  are 
but  slightly  acted  ujDon  by  sugar  solution.^ 

SiLcraies  of  Iron.  Dithculty  has  often  been  experienced  in 
carrjdng  raw  sugar  in  iron  ships,  as  it  has  been  found  that  the 
hquor  leaking  from  the  casks  attacks,  and  rapidly  corrodes,  the 
iron  plates.  Moreover,  it  is  a  common  observation  in  sugar 
refineries  that  the  iron  ]Dortions  of  machines  are  rapidly  acted 
upon,  or  even  completely  dissolved,  by  the  sugar  solution. 
J.  H.  Gladstone,^  who  has  investigated  this  subject,  has  found 
that  when  a  piece  of  iron  is  partially  immersed  in  a  solution 
of  sugar  it  is  quickly  attacked  at  the  point  of  contact  with  the 
liquid,  ferrous  oxide  passing  into  sohition.  This  afterwards 
absorbs  atmospheric  oxygen  and  is  precipitated  as  ferric 
oxide,  whilst  the  sugar  solution  attacks  a  fresh  portion  of  the 
iron.  The  sugar  thus  acts  as  a  carrier  of  oxygen,  and  a  small 
quantity  of  it  is  sufficient  to  corrode  deeply  a  large  plate  of 
iron.  The  solution  of  ferrous  sucrate  is  of  a  dark  reddish- 
brown  colour,  and  has  the  taste  of  the  other  ferrous  salts.  It  is, 
however,  not  decomposed  by  alkalis,  but  sulphuretted  hydrogen 
precipitates  the  iron  completely  as  sulphide  leaving  pure  sugar 
in  solution. 

In  order  to  isolate  the  sucrate,  Gladstone  allowed  iron  to 
remain  in  contact  with  sugar  solution  in  a  warm  place  for 
eighteen  months,  when  the  whole  became  dry.  This  mass 
gave  with  water  a  tasteless  solution,  which  possessed  only  a 
slight  aftertaste  of  iron.  It  is  not  so  readily  altered  in  presence 
of  oxygen  as  is  the  compound  before  described.     The  determi- 


^  Joioni.  Praht.  Chem.  xix.  187 

'"  Gladstone,  Quart.  Joitrii.  Chem.  Soc.  vii.  195. 

^  Quart.  Journ.  Chem.  Soc   vii.  193. 
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nation  of  iron  gave  the  formula  C^gHgoFeO^^,  but  Gladstone 
is  himself  in  doubt  as  to  whether  he  was  dealing  with  a  pure 
compound.  The  same  chemist  found,  further,  that  the  presence  of 
sodium  chloride  and  other  salts  does  not  accelerate  the  corrosive 
action  of  sugar  on  iron,  and  that  in  fact  the  presence  of  these 
salts  has  no  influence  whatever  on  the  reaction. 

833  Compounds  of  Sugar  with  Salts.  By  evaporating  a  solution 
of  sugar  with  common  salt,  Peligot  in  1839  obtained  deliques- 
cent crystals,  which,  on  analysis,  he  found  to  be  a  compound 
of  equal  molecules  of  the  two  bodies.  Blondeau  de  Carolles 
then  examined  a  similar  body  which,  however,  contained  water 
of  crystalHzation,  of  the  presence  of  which  Peligot  made  no 
mention.  ISTeither  Mitscherlich  nor  other  chemists  could,  how- 
ever, obtain  either  of  these  bodies,  and  the  existence  of  this 
compound  was  held  in  question  until  Maumen^  ^  and  Gill  ^ 
succeeded  in  again  obtaining  it.  For  its  preparation  85 
parts  of  sugar  and  15  parts  of  common  salt  are  dissolved  in 
water  and  the  solution  allowed  to  evaporate  over  sulphuric 
acid.  It  has  the  composition  C12H22O11  H- NaCl  +  2H2O,  and 
crystallizes  in  rhombic  prisms  very  readily  soluble  in  water, 
but  deliquescent  only  in  very  moist  air.  Gill  in  one  pre- 
paration accidentally  obtained  crystals  of  the  composition 
2Ci^H220ii  +  3NaCl-h4H20,  but  he  could  not  obtain  these 
again. 

In  addition  to  the  above,  the  following  compounds  are  known  : 

C.sHgoOii  -h  KCl  +  2H2O  rhombic   non-   deliquescent 

crystals.^ 

2Ci2H220,i  +  3NaI  +  SHgO  large  monoclinic  crystals.^ 

3C12H22O1,  +  l^s^^Bfi^  -h  4H2O     large  crystals.^ 

CisHo^On  +  CuSO^  -f  2H,0  small  blue  crystals.*^ 


Ethereal  Compounds  of  Saccharose. 

834  Cane-sugar  contains  eight  hydroxyls  the  hydrogen  of 
which  can  be  replaced  by  acid  radicals. 

Tetramtroxtjsaccharose,  C,^B^s{'^0,\0,.  This  compound, 
which  is  also  termed   nitro-sugar   or  fulminating   cane-sugar, 

1  Bull.  Soc.  Chim.  XV.  1.  '  Journ   Chem.  Soc.  [2],  i^.  269. 

3  Maumene,  Bull.  Soc.  Chim.  xix.  289._^      *  GiU,  loc.  cit. 
^  Stiirenberg,  Ann.  Chim.  Bharm.  xviii.  279. 
8  BarreswH,  Journ,  Bharm.  [3]  vU.  29. 
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is  obtained  by  acting  on  sugar  with  a  mixture  of  concentrated 
nitric  and  sulphuric  acids  and  is  a  resinous  mass  insoluble  in 
cold  water.  At  a  low  temperature  it  is  brittle,  but  at' the 
ordinary  atmosphere  temperature  it  forms  an  elastic  mass  which 
can  be  drawn  out  into  fine  threads  exhibiting  a  fine  silky  lustre. 
It  detonates  when  touched  with  a  glowing  body,  and  explodes 
on  percussion.  It  is  readily  soluble  in  sulphuric  acid,  in  strong 
nitric  acid,  in  alcohol,  &c.  The  formula  above  given  for  this 
body,  although  probable,  has  not  as  yet  been  definitely  fixed.i 

Ilonaceto-saccharose,  Ci2^2i(S^2^'fi 2)^11'  ^^  formed  when  2 
parts  of  sugar,  1  part  of  acetic  anhydride,  and  6  to  8  parts 
of  glacial  acetic  acid  are  heated  together.  On  then  adding 
ether,  the  acetate  is  precipitated  as  an  amorphous  mass,  which 
is  soluble  in  water  and  alcohol,  and  has  a  taste  which  is  at  the 
same  time  slightly  sweet-  and  bitter.  When  its  ethereal  solution 
is  evaporated,  an  amorphous  residue  is  obtained,  consisting  of 
a  mixture  of  the  tetracetate  and  the  pentacetate.^ 

When  sugar  is  heated  with  an  excess  of  acetic  anhydride,  or 
with  a  mixture  of  sodium  acetate  and  the  anhydride,  the  hex- 
acetate  and  the  octacetate  are  formed.^  These  likewise  are 
resinous  bodies  insoluble  in  water.  They  are  saponified  by 
potash  solution  with  re-formation  of  cane-sugar.* 

Farasaccharose,  C;l2-^22*-*ii'  ^^  ^  solution  of  sugar  to  which 
ammonium  phosphate  is  added  be  allowed  to  stand  exposed 
to  the  air  a  peculiar  fermentation  sets  in  and  parasaccharose 
is  formed,  together  with  an  amorphous  deliquescent  glucose. 
Parasaccharose  is  dextro-rotatory  and  forms  small  crystals  which 
dissolve  readily  in  water,  but  are  insoluble  in  absolute  alcohol.^ 


MILK  SUGAR,  C^^'H.^fi^^, 

835  Milk  sugar,  occurring  in  the  milk  of  mammalia,  especially 
in  that  of  the  herbivora,  was  first  examined  in  1619  by  Fabrizio 
Bartoletti  and  termed  by  him  manna  s.  nitrum  seri  lactis.  It 
was  more  closely  examined  by  Ludovico  Testi,  who  in  his 
Eelazione  concernente  il  zitccaro  di  Latter  published  in  1698, 
recommends  it  as  a  valuable  medicine. 

^  Schonbein,  Pogg.  Ann.  Ixx.  100  ;  Sobrero,  Compt.  Bend.  xxv.  122  ;  Thomp- 
son, FJiarm.  Journ,  Trajis,  viii.  165  ;  Reinsch,  Jahrb,  PraktFharm,  xvlii.  102  ; 
A.  and  "W.  Knop,  Journ.  Prakt.  Chcm.  Ivi.  334. 

'•*  Schutzenberger  and  Kaudin,  Bidl.  Soc,  Chim.  xii.  207. 

3  Herzfeld,  Per.  Deutsch.  Chem.  Ges.  xiii.  267. 

*  Demole,  ib.  xii.  1936.  ^  Jodin,  Gomptes  Rend.  liii.  1252. 
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According  to  Bouchardat,  milk-sugar  occurs,  together  with 
cane-sugai',  in  Sapota  ac/iras,  a  West  Indian  tree,  also  grown 
in  other  tropical  countries  for  the  sake  of  its  fruit.  Its  milky 
sap  in  addition  yields  caoutchouc.  Bouchardat  examined  a 
sugar-like  substance,  found  amongst  other  specimens,  with  the 
label,  "Sucre  ohtenu  de  sue  dw  sapotillier,  Martinique,  1837;" 
and  proved  that  it  contained  both  sugars.  From  the  ripe  fruit, 
which  he  procured  from  Cairo,  he  obtained  a  sugar  which,  like 
milk-sugar,  is  transformed  on  oxidation  into  mucic  acid,  but 
which  does  not  crystallize.  Bouchardat  therefore  believed  that 
the  milk  sugar  is  derived  from  the  milky  sap.^ 

Milk-sugar  is  prepared  in  large  quantity,  especially  in 
Switzerland,  from  whey,  this  being  simply  evaporated  to  a 
syrup,  and  allowed  to  stand  in  a  cold  place.  It  is  purified  by 
re-crystallization,  string  or  splinters  of  wood  being  placed  in 
the  solution,  round   which  the  crystals  are  deposited. 

Commercial  milk-sugar  contains  small  quantities  of  other 
organic  bodies  and  salts.  In  order  to  purify  it  is  recrystallized 
and  precipitated  several  times  from  aqueous  solution  by  the 
addition  of  alcohol. 

Pure  milk-sugar  forms  large  transparent  rhombic  crystals, 
which  contain  one  molecule  of  water  of  crystallization.  It  has 
at  3'°9  a  specific  gravity  of  1'534  and  its  co-efficient  of  cubic 
expansion  from  0°  to  100°  is  O'OOOll  (Joule  and  Playfair).  It 
dissolves  in  6  parts  of  cold  and  2 '5  parts  of  hot  water  and  has  a 
much  less  sweet  taste  than  cane-sugar.  In  alcohol  it  is  insoluble. 

If  its  aqueous  solution  be  rapidly  boiled  it  suddenly  solidifies 
to  a  porous  mass  consisting  of  small  crystals  of  the  anhydrous 
compound.^  This  dissolves,  with  slight  reduction  of  tempera- 
ture, in  as  little  as  3  parts  of  cold  water,  and  from  this  solution 
crystals  of  the  hydrated  variety  are  quickly  deposited. 

When  hydrated  milk-sugar  is  heated  to  130°  it  loses  its  water 
of  crystallization  and  a  white  amorphous  hygroscopic  mass 
remains,  which  dissolves  in  water  with  an  increase  of  tempera- 
ture. If  this  solution  be  boiled,  4  parts  of  milk-sugar  still 
remain  in  solution  at  111°,  but  at  115°  the  liquid  solidifies  to 
a  mass  of  the  crystalline  anhydrous  sugar  (Erdmann). 

These  isomeric  modifications  differ  amongst  themselves  in 
their  optical  properties. 

1  Bull.  Soc.  CUm.    [2],  xvi.  36;  Hofmeister.  Hoppe-Seyler's  Zeitsch.   Physiol 

Chem.  i.  107(  or  101).  ...         k     -n  ^  -z.   o.or. 

2  Schmogen,  Ber,  Deutsch.  Chem.  Ges.  xiu.  1915  ;  Erdmann,  ib.  2180. 
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When  milk-sugar  is  heated  above  130°  it  acquires  a  yellow 
colour  and  at  180°  it  becomes  brown,  with  formation  of 
amorphous  lactocaramel  and  separation  of  water. 

Milk-sugar  also  becomes  brown  on  heating  with  alkalis  and 
it  reduces  alkaline  copper  solution.  When  heated  with  am- 
moniacal  silver  solution,  the  reduced  metal  forms  a  mirror-like 
deposit,  and  this  reaction  is  used  for  silvering  glass.  When 
heated  with  water  milk-sugar  begins  to  decompose  at  105° — 
110°,  and  at  higher  temperatures  it  yields  the  same  products 
of  decomposition  as  are  found  in  the  case  of  cane-sugar 
(Hoppe-Seyler). 

When  placed  in  contact  with  water  and  sodium  amalgam 
it  yields  dulcite,  mannite,  isopropyl  alcohol,  and  secondary 
hexyl  alcohol.  If  boiled  with  dilute  sulphuric  acid  it  splits 
up  into  equal  molecules  of  galactose  and  grape-sugar,  water 
being  eliminated.  When  heated  with  aqueous  oxalic  acid  to 
100°  it  is  unaffected,  thus  differing  from  cane-sugar,  and  by  this 
reaction  the  presence  of  the  latter  in  a  mixture  of  the  two 
sugars  can  be  detected.! 

Milk-sugar  does  not  imdergo  fermentation  in  the  presence 
of  pure  yeast,  but  it  is  decomposed  by  certain  schitzomycetes 
yielding  alcohol  and  lactic  acid,^  the  well-known  intoxicating 
drink  of  the  Tartars  called  koumiss  being  made  from  mare's 
milk.^  A  similar  drink  is  now  prepared  in  London,  Switzerland, 
and  other  places  from  cow's  milk,  and  much  used  as  a  dietetic 
for  invalids.  A  sample  of  koumiss  prepared  in  Davos  was  found 
on  analysis  to  possess  the  following  composition  : — 

Water 


Alcohol 

3-210 

Lactic  acid    . 

0-190 

Sugar 

2-105 

Albuminates 

1-860 

Butter 

1-780 

Salts 

0-509 

Carbon  dioxide 

0-177 

100-177 

Old  Russian  koumiss  contains  more  lactic  acid  and  no  sugar. 

"■  Bouchardat,  Ann.  Chim.  Phys.  [4J,  xxvii,  75. 
^  Lorin,  Fresenius's  Zeitach.  xviii.  107. 
"  For  its  preparation,  see  Pogg.  Ann.  xxxii.  210. 
*  Suter-Naef,  Ber.  Deutsck.  ^Chem.  Ges.  v.  28u. 
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Milk-sugar  is  used  for  various  purposes  in  medicine.  Its 
aqueous  solution  mixed  with  cow's  milk  in  certain  proportions 
forms  the  essential  feature  of  the  artificial  mother  s  milk  now 
much  in  vogue.  Human  milk  contains  on  an  average  4  per 
cent,  of  milk-sugar. 

836  Metallic  Compounds  of  Milk-Sugar.  Milk-sugar  unites 
with  the  alkalis,  the  alkaline  earths  and  lead  oxide,  forming  com- 
pounds which,  like  those  of  cane-sugar,  dissolve  readily  in  water, 
but  are  insoluble  in  alcohol.  Like  cane-sugar  it  also  prevents 
the  precipitation  of  copper  oxide,  iron  oxide,  &c. 

Ethereal  Compounds  of  Milk-Sitgar.  Milk-sugar,  like  cane- 
sugar,  contains  eight  hydrogen  atoms  which  are  capable  of 
replacement  by  acid  radicals. 

Nit roxy lactose.  If  milk-sugar  be  brought  into  a  cold  mixture 
of  concentrated  sulphuric  and  nitric  acids  and  water  be  then 
added,  a  precipitate  is  formed  which  crystallizes  in  glistening 
scales  from  solution  in  alcohol.^  According  to  Sokolow  this  is 
pentanitroxylactose,  Ci2H^7(!N03),^Oii ;  it  melts  at  140°  and 
when  the  temperature  is  raised  to  15G°  it  explodes.  At  the 
same  time  amorphous  trinitroxy lactose,  G^^H-^QiNO.^)/)^^,  is 
formed;  a  body  melting  at  37°  and  at  110°  decomposing  with 
a  powerful  detonation.^ 

Octacetolactose,  G-^2^-^i(.^-2^fi2)s^iv  ^^  foi"i^ed  by  heating  milk- 
sugar  with  acetic  anhydride  and  precipitating  the  solution 
with  water,  when  tetracetolactose  remains  in  solution  and  when 
dried  forms  a  white,  deliquescent  granular  powder.^  The  octo- 
compound  is  also  obtained  by  heating  milk-sugar  together  with 
the  anhydride  and  anhydrous  sodium  acetate  to  100°.^  It 
crystallizes  from  a  mixture  of  alcohol  and  ethyl  acetate  in 
rectangular  tablets,  and  on  saponification  again  yields  milk- 
susfar.  According  to  Demole,  octacetolactose  is  also  formed 
by  the  employment,  instead  of  milk-sugar,  of  a  mixture  of 
grape-sugar  and  galactose  obtained  by  the  action  of  boiling 
dilute  sulphuric  acid  on  milk-sugar.  Thus,  it  would  appear 
that  two  glucoses  may  be  re-united,  with  elimination  of  water, 
to  form  milk-sugar.^ 

^  Reinach,  Jahresh.  1849,  470  ;  Yolil,  Ann.  Chem.  Pliarm.  Ixx.  362. 

2  Ckem.  Oentralb.  1882,  170. 

3  Schutzenberger  and  Naudin,  Bull  Soc.  Chim.  xii.  208. 

*  Herzfeld,  Ber,  Deuiach.  Chem.  Ges.  xiii=  266. 

*  Ber.  Deutsch.  Chem.  Ges.  xii.  1936. 
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Melitose,  C12H22O11  +  oHgO. 

837  This  compound  forms  the  Australian  manna  which  exudes 
in  drops  from  the  Eucalyptus  mannifera  and  other  species  of 
eucalyptus  occurring  in  Tasmania  where  it  is  collected.  It  was 
first  examined  by  Johnston  in  1843,  who  assigned  to  the 
eucalyptus-sugar  the  formula  ^-y^ifiu^  ^^^  ^^^  showed  that 
it  contains  water  of  crystallization/  whilst  Berthelot,  who  studied 
it  more  closely  in  1856,  gave  it  the  name  it  now  bears.^ 

For  the  preparation  of  melitose,  the  manna  is  dissolved  in 
hot  water,  the  solution  clarified  by  animal  charcoal,  and  the 
filtered  solution  then  allowed  to  crystallize.  It  forms  fine  felted 
needles,  which  give  up  two  of  their  molecules  of  water  at 
100°  and  the  remaining  one  at  130°,  becoming,  however,  at  this 
temperature  yellow-coloured.  Melitose  has  a  slightly-sweet 
taste,  dissolves  in  cold  water  in  about  the  same  proportion  as 
mannite,  and  is  readily  soluble  both  in  hot  water  and  in  alcohol. 
When  boiled  with  dilute  sulphuric  acid,  or  whea  its  aqueous 
solution  is  allowed  to  ferment  in  presence  of  yeast,  it  splits 
up  into  grape-sugar  and  eucalyn.^ 


Melezitose,  C12H22O11  +  HgO. 

838  This  sugar  occurs  in  the  manna  of  Brian9on,*  which  in 
Southern  France  exudes  in  the  summer  from  the  young  twigs 
of  the  larch  {Mdlhe,  in  French;  Ahies  Larix)  and  is  used  as  a 
substitute  for  sugar.  Melezitose  is  also  found  in  turanihin,  a 
manna-like  substance  exuded  from  tbe  Alhazi  Matcrorum,  a 
shrub  which  grows  in  Persia  and  Affghanistan.  This  species 
of  manna  is  brought  into  Lahore  where  it  is  used  as  a  pur- 
gative. It  contains,  beside  melezitose,  cane-sugar  and  a  syrupy 
matter.^ 

Melezitose  is  extracted  from  larch  manna  by  boiling  out  with 
alcohol  and  is  then  recrystallized.  It  forms  small,  hard,  glisten- 
ing monoclinic  crystals,  which  are  about  as  sweet  as  grape-sugar 
and  effloresce  in  the  air.  At  100°  they  lose  their  water  of 
crystallization  and  they  melt  at  140°  When  boiled  with  dilute 
sulphuric  acid  melezitose  is  converted  into  grape-sugar. 

^  Mem.  Oheni.  Soc.  i.  159,  ^  Ann.  Ckim.  Phys.  [3],  zlvi.  66. 

^  Ann.    Ckim.  Phys.  [xvli.],  366. 

"  Berthelot,    Ann.  Chim.  Phys.  [3],  Iv.  282. 

^  Villiers,  Comptes  Rend.  Ixxxiv.  35. 
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Mycose  oe.  Trehalose,  CigHgaOi^  +  2Rfi, 

839  In  1833  Wiggers  found  a  sugar  in  ergot  of  rye  (Claviccps 
purptCTca),  but  its  properties  were  then  more  closely  studied  by 
Mitscherlich,  who  gave  to  it  the  name  mycose  (/tO/co?,  fungus). 
Berthelot  then  examined  trehala  manna,  which  is  obtained  from 
the  nest  of  a  coleopterous  insect  {Lavinus  nidijicans),  found  in 
Syria  upon  a  species  oi  UcJiinojiS.  Thelarvce  live  on  the  sap,  but 
exude  the  partly-digested  food  in  order  to  make  their  nests.  This 
nest  is  bag-shaped  and  about  the  size  of  an  olive  ;  the  mass 
of  which  it  is  composed  consists,  together  with  a  peculiar  sugar, 
of  a  considerable  amount  of  starch,  some  gum,  and  other  sub- 
stances.^ In  the  East  this  trehala-manna  is  used  as  food  and 
in  Persia  it  is  known  as  nest-sugar.  Berthelot  proved  the 
distinct  nature  of  this  sugar  and  termed  it  trehalose,^  and  he 
afterwards  recognised  that  it  was  identical  with  mycose.^ 

Trehalose  also  occurs  in  several  species  of  fungus,  as,  for 
example,  in  the  Agaricus  sulphur e%tSy  which,  when  dried,  contain 
10  per  cent,  of  this  substance.  In  Boletus  cyanaius  mannite 
occurs  together  with  mycose.* 

To  prepare  trehalose,  the  trehala  is  boiled  with  alcohol,  or 
the  fuugus  is  extracted  with  water ;  the  solution  is  precipitated 
with  lead  acetate,  the  lead  removed  from  the  filtrate  by  means 
of  sulphuretted  hydrogen,  and  the  solution  then  evaporated 
to  a  syrup. 

Trehalose  forms  rhombic  crystals,  which  melt  when  heated 
to  100°.  and  at  ISO''  lose  their  water  of  crystallization  and 
solidify.  It  dissolves  easily  in  cold  water,  but  is  hardly  soluble 
in  cold  alcohol.  It  possesses  a  sweet  taste,  and  is  transformed 
into  grape-sugar  when  boiled  with  dilute  sulphuric  acid. 

Maltose,  G^<^^0-^-^-{-'Kfi. 

840  As  early  as  1811  Kirchhoff  made  the  observation  that 
starch  may  be  converted  into  a  crystalline  sugar  by  treatment  with 
dilute  sulphuric  acid.^  Two  years  after  this  he  found  that  the 
albuminous  substance  contained  in  grain  is  also  able  to  effect 
this  change,  and,  further,  that  the  transformation  is  much  more 
speedily  effected    when   malted   grain   is  used.^      This  starch- 

1  Gouibert,  Compt.  Rend.  xlvi.  1213.  ^  Ann.  Chim,  Phys.  Ea;^lv.  271. 

^  Chim.  Org.  ii.  263.  *  Miintz,  CompL  MncLlsxvi.&i^. 

5  ScJmkgg.  fourn.  iv.  108.  ^  Jb-  xiv.  389. 
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sugar,  which  Saussure  described  more  fully  in  1819/  was  at 
a  later  date  considered  to  be  identical  with  grape-sugar,  until 
Dubrunfaut  pointed  out  that  the  sugar  from  malt  is  more 
difficultly  soluble  in  alcohol  and  exhibits  a  stronger  rotatory 
power  than  grape-sugar,  and  that,  therefore,  it  is  a  distinct 
substance,  to  which  he  gave  the  name  of  maltose.^  The 
individuality  of  this  substance  was,  however,  first  completely 
established  by  the  researches  of  O'Sullivan.^  Maltose  is  also, 
according  to  Dubrunfaut  and  others,  the  first  product  of  the 
action  of  dilute  sulphuric  acid  on  starch  (see  Starch  and  Dextrin, 
pp.  554-563). 

Pre^oaration.  For  the  preparation  of  maltose  2  kilograms  of 
potato-starch  are  rubbed  up  with  9  liters  of  cold  water  and  then 
heated  in  a  water-bath  until  it  forms  a  paste.  When  this  has  then 
cooled  down  to  60° — 'oo",  from  120  to  140  grams  of  air-dried  malt 
are  added,  and  the  mixture  is  kept  at  this  temperature  for  an 
hour.  It  is  next  heated  to  the  boiling-point,  filtered  hot,  and  the 
filtrate  evaporated  in  shallow  dishes  until  it  attains  the  con- 
sistency of  a  syrup.  This  is  then  rej^eatedly  boiled  up  with 
90  per  cent,  alcohol.  After  a  portion  has  been  treated  thus 
once  or  twice  it  is  then  extracted  with  absolute  alcohol  and  the 
resulting  solution  is  evaporated  to  a  thin  syrup  which,  after 
som*e  days,  crystallizes.  The  operation  last  described  is,  how- 
ever, necessary  only  in  cases  where  crystallized  maltose  is  not 
to  be  had.  In  this  case  the  alcohol  is  distilled  off  from  the 
other  exkacts,  the  liquid  evaporated  to  a  syrup,  and  a  small 
piece  of  crystallized  maltose  added.  After  the  lapse  of  from 
three  to  five  dajs  the  whole  will  have  solidified  to  a  thick  paste, 
vv'hich  is  wiished  with  methyl  alcohol,  thrown  on  to  the  filter 
pump,,  again  washed  with  methyl  alcohol,  and  then  pressed. 
The  residue^  dried  as  completely  as  possible,  is  then  dissolved 
on  the  water-bath^  5D  cbc.  of  water  being  emiDloyed  for  every 
100  grams  of  the  material,  260  cbc.  of  90  per  cent,  alcohol  are 
next  added,  the  liquid  filtered  hot,  and  the  filtrate  allowed  to 
crystallize-  The  product  is  then  further  purified  by  recrystai- 
hzation  from  hot  alcohol  or  wood  spirit.^ 

Maltose  crystallizes  in  fine  needles  which  become  anhydrous 
at  100°,  yielding  an  extremely  hygroscopic  residue.  In  aqueous 
solution  it  undergoes  no  change  on  treatment  with  malt  extract, 

^  AniK  Chim.  Pkys.  xi.  379.  ^  _^^^_   Chim.  Phys.  xxi.  178. 

3  Journ.  Chan.  ;^oc,  1872,  579  ;  1876,  i.  478  ;  see  also  Snhulze,  Per.  Dmisch, 
Chr^m.  Gcs.  vii.  1047.  *  Soxhlet,  Joicrn.  PrakL  Chem.  [2],  xxi,  274. 
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but  when  boiled  with  dilute  sulphuric  acid  it  is  transformed 
into  grape-sugar.^  From  the  latter  it  is  distinguished  not  only 
by  its  stronger  rotatory  power,  but  also  by  being  less  soluble  in 
alcohol,  and  inasmuch  as  it  does  not  reduce  a  weak  acetic  acid 
solution  of  copper  acetate. 

THE  GLUCOSES. 

Grape  Sugar,  or  Dextrose,  0^11^2*^^. 

841  So  long  ago  as  1660,  Glauber  noticed  that  a  granular 
sugar  is  contained  in  honey,  in  raisins,  in  inspissated  must,  and 
in  the  juice  of  sweet  cherries.  This  substance  AAas  afterwards 
examined  by  various  chemists,  thus  Lowitz  pointed  out  that  it 
differs  from  cane-sugar  and  that  honey  contains  in  addition  a 
non-crystallizable  sugar,  whilst  Proust  in  1802  showed  that  the 
crystalline- sugar  of  honey  is  identical  with  grape-sugar,  and 
he  classed  cane-sugar,  grape-sugar,  and  the  non-crystallizable 
sugars,  as  distinct  substances. 

As  has  been  already  stated,  Kirchhoff  found  in  1811,  that 
starch  may  be  transformed  into  a  sugar,  and  Braconnot  in  the 
same  year  obtained  it  from  linen  rags. 

More  exact  knowledge  of  these  several  varieties  of  sugar  was 
obtained  first,  by  the  optical  researches  of  Biot,  and  secondly 
by  the  more  extended  researches  of  Dubrunfaut. 

The  name  glucose  was  suggested  by  Dumas,  whilst  Berthelot 
termed  the  left-handed  or  fruit  sugar,  laevulose,  and  Kekule 
then  designated  the  dextro-rotatory  grape-sugar  by  the  appro- 
priate name  of  dextrose} 

As  already  described  under  cane-sugar,  dextrose  is  very 
widely  distributed  throughout  the  vegetable  kingdom,  occurring 
almost  invariably  together  with  an  equal  quantity  of  laevulose 
forming  invert-sugar,  cane-sugar  being  also  usually  present 
(p.  497).  The  last-named  sugar  does  not,  however,  occur  in 
ripe  grapes  and  cherries,  these  containing  from  95  to  17  per 
cent,  of  invert-sugar.  The  amount  of  sugar  and  of  acid  con- 
tained in  the  various  varieties  of  fruits  has  been  determined  by 
Fresenius^  and  by  Buignet^ 

Dextrose  is  also  normally  contained  in  small  quantity 
in  various  animal  fluids  and  tissues,  occurring  for  example 
in    the    chyle,    in    the    allantoic    fluid,    in     urine,    in    the 

1  Compare  Meissl,  Journ.  Frakt.  Chem.  [2],  xxv.  123.  =  lehrh.  ii.  330. 

3  Ann.  Chcm.  Pkarm.  ci.  219.  *  Ann.  Chim,  Phys.  [3],  M.  233. 
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liver,  in  eggs,  &c.  In  cases  of  diabetes  mellitus  the  urine 
contains  as  much  as  from  8  to  10  per  cent,  of  grape-sugar, 
GO  that  in  the  course  of  twenty-four  hours  the  quantity  of 
sugar  eliminated  often  amounts  to  as  much  as  500  grams. 
Dextrose  is  also  very  frequently  formed  as  a  product  of  decom- 
position of  the  glucoddes,  a  numerous  class  of  bodies  occurring 
chiefly  in  the  vegetable  kingdom.  These  by  the  action  of  dilute 
sulphuric  acid  or  of  certain  ferments,  are  transformed,  with 
assumption  of  water,  into  dextrose  and  other  compounds.  Some 
yield  isomeric  glucoses  in  place  of  dextrose.  Dextrose  is  also  a 
decomposition  j^roduct  of  myronic  acid. 

For  the  preparation  of  small  quantities  of  dextrose  many 
recipes  have  been  given.  Of  these  the  following  yields  a  very 
pure  product.^  A  mixture  of  500  cbc.  of  90  per  cent,  alcohol, 
and  20  cbc.  of  fuming  hydrochloric  acid  is  heated  to  45°,  and  to 
this  160  grams  of  finely  powdered  cane-sugar  are  added  in  small 
quantities  at  a  time,  the  heat  being  kept  up  till  the  whole  is 
dissolved.  After  standing  for  about  a  week,  crystals  begin  to 
appear  ;  the  mixture  is  then  frequently  agitated,  and  after 
about  two  days,  a  sufficient  quantity  of  crystals  having  formed, 
the  mother-liquor  is  removed  by  means  of  the  filter  pump.  By 
means  of  these  crystals  the  separation  of  the  sugar  in  its  prepa- 
ration in  larger  quantity  may  be  accelerated.  For  the  prepara- 
tion of  a  kilogram  of  the  sugar,  12  liters  of  alcohol  of  90  per 
cent,  and  480  cbc.  of  fuming  hydrochloric  acid  are  heated  on  the 
water-bath  to  45°,  and  4  kilograms  of  powdered  sugar  added. 
When  the  whole  is  dissolved,  the  mixture  is  allowed  to  cool,  and 
the  crystals  obtained  in  the  previous  preparation  are  then 
introduced,  and  the  mixture  frequently  stirred  round.  A  con- 
siderable quantity  of  very  finely  divided  crystals  separate  out  in 
the  course  of  twelve  hours,  and  after  standing  for  twenty-four 
hours  longer,  the  crystalline  powder  is  separated  from  the 
mother-liquor  by  the  filter  pump,  and  washed  with  alcohol  until 
all  the  hydrochloric  acid  is  removed.  Other  methods  of  prepa- 
ration have  been  described  by  Muller  ^  and  by  Otto.^ 

842  Manvfadure  of  Starch  Sugar.  Dextrose  is  prepared  on 
the  large  scale  by  boiling  starch  with  water  containing  from  1 — 2 
per  cent,  of  sulphuric  acid,  the  operation  being  best  conducted 
under  pressure.  The  boiling  is  continued  some  little  time  after 
all  the  starch  has  disappeared,  in  order  to  allow  of  the  conver- 

^  Soxhlet,  Journ.  Praht.  Chcm. 

-  Joitrn.  Praht.   Chcm.  [2],  xxvi.  78.  3  j;^,  §7. 
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sion  into  sugar  of  the  dextrine  which  is  first  formed,  this  change 
however  being  in  no  case  complete.  The  liquid  is  then  neutral- 
ized with  chalk  or  very  finely-ground  limestone,  the  filtrate 
decolorized,  if  necessary,  with  animal  charcoal,  and  the  solution 
evaporated,  when  the  gypsum  present  in  the  liquid  first  separates 
out.  This  is  allowed  to  settle,  and  the  clear  liquid  is  concentrated 
in  a  vacuum-pan  until  the  point  is  reached  at  which  it  solidifies 
on  cooKng.  As  dextrose  readily  forms  supersaturated  solutions, 
its  separation  is  accelerated  by  the  addition  of  crystals  of  starch- 
sugar  to  the  liquid.  The  material  thus  obtained  contains  in 
addition  to  water,  dextrines  and  other  products,  the  nature 
of  which  is  not  yet  known.  These  are  not  fermentable,  and 
they  act  upon  the  organism  in  a  similar  manner  to  fusel  oil 
(Vol.  III.,  Part  I.,  pp.  148-288).  The  presence  of  the  dextrines, 
which  do  not  act  injuriously,  is  due  to  the  fact  tliat  these  are 
the  first  products  into  which  the  starch  is  transformed,  they  being 
in  turn  transformed  into  dextrose.  This  latter  change  proceeds 
more  quickly  and  completely  according  as  the  strength 
of  the  acid  used  is  greater,  the  action  longer,  and  the 
temperature  to  which  the  mixture  is  brought  higher.  When 
the  final  amount  of  starch  decomposed  to  sugar  varies  from 
about  40  to  50  per  cent,  of  the  whole,  the  rate  of  change  is 
proportional  to  the  time  allowed  for  the  action.  In  the  later 
stages  of  the  operation  the  rate  diminishes  rapidly,  so  that  the 
conversion  of  all  the  starch,  even  if  under  the  circumstances  it 
be  possible,  takes  a  long  time.  The  cause  of  this  slow  action  is 
to  be  ascribed  to  the  amount  of  the  resistance  to  change  which 
the  dextrines  exhibit  in  contact  with  dilute  acids.^  Many 
attempts  have  been  made  to  purify  starch-sugar  by  re-crystalli- 
zation and  removal  of  the  mother-liquor  by  pressure,  as  this 
cannot  be  effected  by  the  centrifugal  machine,  because  molasses 
are  firmly  inclosed  between  the  plates  of  the  sugar  crystals. 

Behr  has  recently  made  the  important  observation  that  when 
a  few  crystals  of  anhydrous  grape-sugar,  prepared  by  crystalliza- 
tion from  alcoholic  solution,  are  dropped  into  a  solution  of  the 
sugar  of  sufficient  concentration,  heated  to  30° — 40°,  the  dextrose 
separates  in  anhydrous  prisms.  These  are  also  formed  when  a 
solution  of  the  moderately  pure  sugar  is  kept  for  some  time  at 
this  temperature.  The  mother-liquor  may  be  readily  removed 
from  these  by  drying  in  the  centrifugal  machine.^ 

^  AHihn,  Joiii-n.  Prakt.  Ohem.  [2],  xxii.  96. 

2  Chcm.  Kcws.  xlv.   179;  Btr.  Deutsch.  Chem.  Oes.  xv.  1104  ;  see  also  Hesse, 
ih  XV.  2349. 
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In  order  to  prepare  pure  dextrose  from  commercial  starch- 
sugar,  the  organic  salts  present  must  be  decomposed  by  means 
of  hydrochloric  acid.  The  sugar  is  shaken  with  85  per  cent, 
alcohol  to  which  3  per  cent,  of  hydrochloric  acid  has  been 
added,  when  it  becomes  changed  into  a  crystalline  powder, 
whilst  the  liquid  itself  forms  thin  btown  molasses.  The  liquid 
is  removed  by  means  of  the  filter  pump,  and  the  residue  washed 
first  with  neutral  alcohol  of  85  per  cent,  and  finally  with  such  a 
alcohol  of  90 — 95  per  cent.,  this  operation  being  naturally  be§t 
performed  on  the  filter  pump.  The  brown  molasses  solution 
also  deposits  on  standing  pure  dextrose  in  nodules.  ^ 

843  Properties.  Dextrose  crystallizes  from  aqueous  solution 
with  one  molecule  of  water  in  thin  six-sided  scales  which 
are  aggregated  in  nodular-  or  cauliflower-like  masses.  From 
alcoholic  solution  anhydrous  microscopic  /needles  are  obtained 
(Dubrunfaut)  whilst  from  hot  aqueous  methyl  alcohol,  possessing 
at  20°  a  specific  gravity  of  0'825,  triclinic  prisms  crystallize 
out,  these  usually  being  formed  as  twins.^ 

Dextrose  dissolves  at  the  ordinary  temperature  in  about  1'2 
parts  of  water,  whilst  in  boiling  water  it  is  more  readily  soluble. 
One  hundred  parts  of  alcohol  of  specific  gravity  0'837  dissolve 
1'94  parts  of  dextrose  at  17°'5,  and  21  '7  parts  at  the  boiling- 
point.  Graj^e-sugar  has  a  taste  that  is  less  sweet  than  that  of 
cane-sugar,  the  sweetness  of  this  latter  as  compared  with  pure 
dextrose  being  according  to  Behr  in  the  proportion  of  1*66  :  1. 

Anhydrous  grape-sugar  melts  at  146°  and  passes  at  170°  into 
glucosan,  OqH-^qOjj  or  CJ^^g^so^io'  ^  colourless  mass  possessing 
hardly  any  sweet  taste,  and  being  again  converted  into  dextrose 
when  boiled  with  dilute  acids.^ 

If  a  solution  of  dextrose  in  alcohol  be  cooled  in  ice,  and  then 
saturated  in  the  dark  with  hydrochloric  ^cidi,  diglncosejQ-^^^Ji}-^-^^ 
is  produced,  forming  a  very  hygroscopic  gum-like  mass.  When 
this  is  heated  with  water  to  160°,  it  passes  into  a  sugar,  CgH^oOg, 
which  differs  from  dextrose  in  that  it  possesses  a  very  sweet 
taste,  and  it  undergoes  fermentation  only  with  great  difficulty.* 

In  aqueous  solution  dextrose  is  reduced  to  mannite  by  the 
action  of  sodium  amalgam.^  At  the  same  time,  ethyl  alcohol, 
secondary  propyl  alcohol,  hexyl  alcohol,  and  lactic  acid  are  also 

^  Schwarz,  Dinglcr's  Polyt.  Journ.  ccv.  427. 

^  Soxhlet  and  Brezina,  Journ.  PraJct.  Chcm.  [2],  xxi.  2-47. 

3  Gc'lis,  CompL  Rend.  li.  331. 

*  Gautier,  Bull,  Soc.  Ghim.  [2],  xxii.  145. 

^  Dewar,  Phil.  Mag.  [4],  xxxix.  345. 
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formed.  The  substance  last  named  is  produced  by  the  action  of 
the  caustic  soda  formed,  for,  if  grape-sugar  be  heated  on  the 
water-bath  with  soda-ley,  a  violent  reaction  commences  at  90° 
accompanied  by  increase  of  temperature,  and  lactic  acid  is 
formed,  together  with  some  formic  acid,  pyrocatechin,  and  other 
products.^ 

Dextrose,  like  cane-sugar,  prevents  the  precipitation  by 
alkalis  of  various  metallic  salts.  From  solutions  containing 
gold  and  silver  these  metals  are  precipitated  by  dextrose  on 
'warming,  whilst  from  an  ammoniacal  silver  solution  the  metal 
is  precipitated  as  a  silver-mirror.  Hence  grape-sugar  is  used 
for  silvering  mirrors  and  other  glass  articles, 

844  FeUings  Reaction.  If  to  a  solution  of  dextrose,  first 
potash-ley  and  then  copper  sulphate  be  added,  a  deep  blue 
solution  is  obtained  which  gradually  in  the  cold,  and  instan- 
taneously on  heatmg,  yields  a  precipitate  of  red  cuprous 
oxide.  This  reaction  is  so  delicate  that  O'OOOOl  gram  of 
grape-sugar  may  be  recognized  by  the  formation  of  a  pre- 
cipitate and  O'OOOOOl  by  the  red  coloration  of  the  solu- 
tion.^ If  to  a  solution  of  grape-sugar,  there  be  added  copper 
sulphate  solution,  soda-ley  and  an  alkaline  acetate,  a  precipita- 
tion of  cuprous  oxide  also  occurs  on  warming.  Upon  this 
reaction  Barreswil^  and  Fehling^  have  grounded  a  method  for 
the  volumetric  estimation  of  sugar,  and  this  has  been  further 
worked  upon  and  improved  by  various  other  chemists.  It  was 
formerly  considered  that  one  molecule  of  anhydrous  dextrose 
had  the  power  of  reducing  five  molecules  of  cupric  oxide  to 
cuprous  oxide,  but  according  to  Soxhlet  this  is  not  correct,  as  the 
quantity  of  cuprous  oxide  formed  is  dependent  upon  the 
concentration  of  the  solution  and  upon  other  circumstances. 
In  the  application,  therefore,  of  this  reaction  to  the  estimation 
of  grape-sugar,  care  must  be  taken  always  to  work  as  nearly  as 
possible  under  the  same  conditions.  For  further  details  the 
subjoined  memoirs  may  be  consulted. 

Other  Methods  of  Detection  and  Estimation,     When  a  solution 
of  mercury  cyanide,  to  which  caustic  soda  solution  has  been* 


^  Boiicliardat,  Ann.  Chim.  Phys.  [4],  xxvii.  87. 
^  Hoppe-Seyler,  Ber.  JDcutsch.  Chsm.  Ges.  iv.  346. 


^  Trommer,  Ann.  Chem.  Fharm.  xxxix.  361. 
*  Joum.  Fharm.  vi.  361. 
^  Ann.  Chem.  Fharm.  Ixxii.  106  ;  cvi.  75. 
^  Jmcrn  Frakt.  Chem.  [2],  xxi.  254. 

'■  Soxhlet,   loc.  cit.    289  j  Allihn,  ih.  [2],  xxii.  52  ;  Heron  and  Brown,  Chem. 
Soc.  Tram.  1879,  602. 
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added,  is  boiled  with  grape-sugar,  metallic  mercury  is  precipi- 
tated, and  Knapp  has  applied  this  reaction  to  the  volumetric 
estimation  of  dextrose/  whilst  in  place  of  the  cyanide  Sacchse 
has  substituted  a  solution  of  potassium  mercuric  chloride.^ 
Soxhlet,  who  has  further  worked  out  this  method,  has  deter- 
mined the  conditions  under  which  reliable  results  can  be 
obtained  by  titration  with  alkaline  mercury  solution.^ 

If  dextrose  be  boiled  with  caustic  soda  solution  and  basic 
bismuth  nitrate  then  added,  bismuth  separates  out  as  a  black 
powder.*  This  reaction  is  useful  in  the  detection  of  grape-sugar  in 
urine,  as  the  bismuth  solution  is  not  reduced  either  by  uric  acid  or 
by  creatinine,  as  is  the  case  with  copper  solution.  If,  however, 
the  urine  contains  albuminous  bod  ies  in  which  sulphur  is 
present,  black  sulphide  of  bismuth  will  be  formed,  and  these 
albuminous  matters  must  therefore  be  removed  before  the  test  is 
applied.  For  this  purpose  freshly  precipitated  basic  bismuth 
acetate  is  dissolved  in  hot  potassium  iodide  solution  with 
addition  of  a  little  hydrochloric  acid.  This  liquid  is  then  added 
to  the  urine,  which  has  been  previously  acidified  with  hydro- 
chloric acid,  the  precipitate  which  is  formed  filtered  off,  the 
filtrate  supersaturated  with  caustic  potash,  and  then  heated 
to  the  boiling  point.^ 

When  a  solution  containing  potassium  ferricyanide  and  an 
excess  of  grape-sugar  is  heated,  and  baryta-water  then  added, 
the  solution  becomes  colourless  from  formation  of  potassium 
ferrocyanide.  If  a  solution  of  dextrose  to  which  caustic  soda 
has  been  added,  be  heated  to  90°,  and  then  a  few  drops  of  a 
solution  of  picric  acid  added,  a  red  coloration  is  produced  from 
formation  of  picra.mic  acid.  Laevulose  and  milk-sugar  give  the 
same  reaction,  but  neither  cane-sugar  nor  mannite.^ 

When  an  aqueous  solution  of  dextrose  is  heated  with  chlorine 
or  bromine  and  then  with  silver  oxide,  care  being  taken  not 
to  add  an  excess  of  the  latter,  a  solution  of  gluconic  acid^ 
CgH^g'^r  ^^  formed,  and  this  on  evaporation  remains  behind 
.  as  a  syrup.  It  is  a  monobasic  acid,  but  like  the  saccharoses 
it  yields  so-called  basic  salts.^ 

^  Ann.  Chem.  Pharm.  cliv.  252. 

2  Farbstoffc,  KoJilenhydrate,  &c.,  Leipzig,  1877,  p.  214.  ^  Loc.  ciL  300. 

^  Bottger,  Jotcrn.  Prakt,  Chem.  li.  431  ;  see  also  Franqui  and  Vyverl,  Fre- 
senius'  Zeitsck.  v.  263.  ^  Briicke,  Frcscnms'  Zeii^ch.  xv.  101. 

®  Stalilschmidt,  Ber.  Deutsch.  Chem.  Gcs,  i.  HI. 

^  Braun,  Fresenius'  Zcitsch.  iv.  187. 

"  Hlasiwetz  u  Habermaim,  Ann.  Chem.  Plmrm.  civ.  121  ;  clviii.  257;  clxii. 
301  ;  Kiliani,  ib.  ccv.  182  ;  Griesshammer,  Jahrcsb.  1879,  852. 
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845  Calcium  Gluconate,  {Q^^^0^\Q2iJ^  21^  f)^crj^%^\Yize%  in 
small  needles  united  in  warty  masses.  If  slaked  lime  be  added 
to  its  lukewarm  solution,  the  liquid  filtered  and  then  heated  to 
boiling,  the  salt  OgH^QOyCa  is  almost  completely  precipitated. 
'  On  treatment  with  silver  oxide  and  water  gluconic  acid  is 
easily  oxidized  to  glycolic  acid,  and  by  the  action  of  commercial 
nitric  acid  it  yields  saccharic  acid,  oxalic  acid,  and  cassonic  acid, 
C^HgOy.  The  last  named  acid,  which  may  also  be  obtained 
from  sugar,  forms  a  syrup  and  is  dibasic.^ 

Paragluconic  Acid  is  produced  when  gluconic  acid  is  left  in 
contact  for  a  long  time  with  nitric  acid  of  specific  gravity  1-3. 
It  likewise  forms  a  syrup,  but  is  distinguished  from  gluconic 
acid  by  the  fact  that  it  forms  crystalline  salts  with  the  alkali 
metals,  and  non-crystalline  salts  with  those  of  the  alkaline 
earths,  whilst  with  the  first  named  acid  the  reverse  is  the  case.^ 

Uses  of  Starch-sugar.  Starch-sugar  is  made  use  of  in  the 
doctoring  of  wine.  This  treatment  consists  in  diluting  the 
sour  must  with  water  until  the  liquid  contains  only  so  much 
acid  as  is  present  in  the  juice  of  the  good  ripe  grape,  then 
adding  the  requisite  quantity  of  sugar,  and  subjecting  the  liquor 
to  fermentation.  As  ordinary  starch-sugar  always  contains 
a  large  amount  of  unfermentable  material  which  is  strongly 
dextro-rotatory,  doctored  wine  can  easily  be  recognised  by  means 
of  the  polariscope.^  A  vinous  drink  is  also  obtained  by  another 
system,  the  grape  skins  being  covered  with  a  solution  of  starch- 
sugar  solution  and  the  liquid  then  allowed  to  ferment. 

Starch-sugar  is  also  used  as  a  substitute  for  malt  in  the 
brewing  of  beer,  in  confectionery,  for  making  table-syrups, 
artificial  honey,  &c.  The  solid  sugar  is  also  employed  for  the 
adulteration  of  powdered  cane-sugar,  and  in  the  preparation  of 
caramel.  It  likewise  is  used  in  calico-printing,  for  the  reduction 
and  fixation  of  indigo. 

846  Metallic  Compounds  of  Dextrose.  If  sodium  ethylate  be 
added  to  a  solution  of  dextrose  in  absolute  alcohol,  a  precipi- 
tate of  CgHjiNaOg  is  obtained,  which  on  drying  forms  a  friable 
exceedingly  deliquescent  powder.^ 

Lime  and  baryta  dissolve  readily  in  a  solution  of  dextrose 
forming  different  compounds  according  to  the  quantity  of  the 

1  Siewert,  Jahresh.  1859,  548  ;  Hbnig,  ih.  QQQ. 

^  Honig,  Manatsh.  Ckem.  i.  49. 

3  Neubauer,  Fresenius'  Zcitsck.  Chem.  xv.  186. 

*  Honig  and  Rosenfeld,  Ber.  Deutsch.  Chem.  Oes.  x.  871. 
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base  present,  and  these  products  are  precipitated  on  the  addition 
of  alcohol.  Dextrose  also  combines  with  copper  oxide  forming 
several  compounds. -"^ 

Grape-sugar  likewise  unites  with  common  salt,  giving  rise  to 
a  variety  of  compounds;  2CgHj20e+NaCl  +  H20  is  frequently 
deposited  from  diabetic  urine,  and  is  easily  obtained  in  large 
hexagonal  crystals  by  allowing  a  concentrated  solution,  containing 
the  constituents  in  the  above  proportion,  to  stand.  Dextrose 
also  combines  with  sodium  bromide,  but  does  not  form  compounds 
with  the  iodide. 

Ethereal  Compounds  of  Dextrose.  Dextrose  contains  five 
alcoholic  hydroxyls,  whose  hydrogen  is  capable  of  replacement 
by  acid  radicals. 

Dextrose  Sulphuric  Acid.  Dextrose  dissolves  in  cold  concen- 
trated sulphuric  acid  without  coloration,  forming  a  dextrose 
sulphuric  acid  which  yields  soluble  salts,  and  soon  splits  up, 
in  aqueous  solution,  into  the  constituents  from  which  it  has  been 
obtained.^ 

When  dextrose  is  dissolved  in  chlorsulphonic  acid,  four-sided 
prisms  are  deposited  after  some  little  time,  consisting  of  the 
chloride  CeH7Cl(S04H)40g.  Milk-sugar,  starch,  dextrine,  and 
cellulose  also  yield  this  compound  when  similarly  treated. 
Cold  water  transforms  this  into  the  very  unstable  dextrose  tetra- 
sulphuric  acid,  CQH7(OH)(S04H)^Og,  which  forms  amorphous 
salts.  When  the  aqueous  solution  of  this  acid  is  warmed  dextrose 
is  again  formed.  If,  however,  the  decomposition  takes  place 
at  the  ordinary  temperature,  dextrose  trisulphuric  acid 
CgH7(OH)2(S04H)30g,  is  formed  as  a  first  product.  Its  salts  are 
amorphous  and  have  a  weaker  power  of  rotation  than  those  of 
the  tetra-compound.^ 

Acetates  of  Dextrose,  When  dextrose  is  boiled  with  acetic 
2i-n\ijdix\.dQydiaceto~dextrosey  G^^Q{G^lfi)fiQ,  and  triacetodextrose, 
CQH0(C2H3O)3Og,  are  formed.  These  compounds,  both  of  which 
are  amorphous,  may  be  separated  by  means  of  benzene,  in  which 
the  last  named  is  alone  soluble.*  If  dextrose  be  heated  with 
anhydrous  sodium  acetate  and  acetic  anhydride  to  100°  octaceio- 
diglucose,  CjgH^iCCgHgOjgO^^,  is  formed,  and  this  crystalHzes  from 


^  Salkowski,  Zeitsch.  Physiol,  Chcm.  iii.  79  j  Fileti,  Ber,  Deutsch.  Chem.  Ges, 
viii.  441. 

^  Peligot,  Ann.  Chem.  Pharm.  xxx.  79. 

3  Claesson,  Journ.  Praht,  Chem.  [2],  xx.  18. 

^  Schiitzenberger  and  I^audin,  Bull.  Soc.  Chim.  xii.  204. 
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ether   in    cauliflower-like    masses.     It   melts    at    134°   and   on 

saponification  yields  diglucose  (p.  540)."^ 

By  heating  dextrose  with  glacial  acetic  acid  to  100°  for  fifty 

hours,  Berthelot   obtained   a   liquid  possessing  an  exceedingly 

bitter  taste.     This  he  supposed  to  be  a  hexacetyl  compound,  but 

it  is,  however,  more  probably  pentaceto-dextrose,  GQ\l^(G2B.fi)fiQ. 

Hydrochloric  acid  decomposes  it  into  acetic  acid  and  dextrose. 
In  a  similar  way  Berthelot  has  prepared  ethereal  compounds 

of  dextrose  containing  other  fatty  acids.^ 

Acetochlorhydrose,  or  Acetochlordextrose^  CQH.^G\{G2iifi)fiQ, 
is  obtained  by  the  action  of  acetyl  chloride  on  anhydrous 
grape  sugar.  It  forms  a  semi-fluid  mass,  which  sometimes  be- 
comes crystalline,  and  is  insoluble  in  water.^  Cold  concentrated 
nitric  acid  converts  it  into  aceto-nitrose  or  nitroxyacetodextrose, 
G^'j(^0^{G^f))fi^,  which  crystallizes  from  a  mixture  of 
ether  and  alcohol  in  prisms  or  large  tables.^ 


L^vuLOSE,  OR  Fruit  Sugar,  CgH^aOe- 

847  The  history  and  modes  of  occurrence  of  this  substance 
have  already  been  given  (p.  537). 

For  the  preparation  of  Isevulose  the  invert-sugar  obtained 
when  cane-sugar  is  heated  with  dilute  sulphuric  acid  or  hydro- 
chloric acid  is  used.  This  inversion  proceeds  only  in  dilute 
solutions,  and  the  heating  must  not  be  continued  too  long  or 
by-products  will  be  formed.  According  to  Nicol,  complete 
inversion  is  accomplished  by  dissolving  3  grams  of  sugar  in  4  cbc. 
of  water,  adding  20  drops  of  hydrochloric  acid  of  specific 
gravity  I'll,  and  heating  the  mixture  on  the  water-bath  for 
thirty  minutes.^ 

To  obtain  the  pure  invert-sugar  from  the  product  obtained  by 
the  action  of  sulphuric  acid,  the  acid  must  be  removed  by  means 
of  barium  carbonate ;  or  when  hydrochloric  acid  has  been  used 
the  solution  is  treated  with  silver  oxide  and  the  filtrate  precipi- 
tated by  sulphuretted  hydrogen. 

On  evaporating  these  solutions,  the  invert-sugar  is  left 
behidd  as  a  colourless  syrup.  In  the  dark  this  remains  un- 
changed, but  on  exposure  to  light  dextrose  separates  out,  and  in 


1  Franchimont,  Ber.  Dcutsch.  Chem.  Ges.  xii.  1940  ;  HezfelJ,  xiii.  205 
=  Ann.  Chim.  Phys.  [3],  Ix.  89.  ^  (^o\\^y,Compt  llerid,  Ixx   401, 

4  yj   ixxvi.  437.  Fresenncs  Zeitseh.  xiv.  177. 
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larger  quantity  the  more  intense  the  light  is.^  Honey,  which 
consists  principally  of  invert-sugar,  exhibits  a  similar  behaviour. 

To  prepare  Isevulose  from  the  invert-sugar  the  following 
plan  is  recommended  by  Dubrunfaut.  Ten  grams  of  the 
sugar  are  dissolved  in  100  cbc.  of  water,  cooled  down  by  ice- 
cold  water,  and  agitated  with  6  grams  of  finely-divided  slaked 
lime.  The  difficultly  soluble  lime  compound  of  Isevulose  which 
is  thus  formed  separates  out,  whilst  the  corresponding  dextrose 
compound  remains  in  solution,  and  this  latter  may  easily  be 
removed  by  repeated  pressing,  &c.  The  lime  compound  is  then 
decomposed  by  means  of  oxalic  acid  or  carbon  dioxide. ^ 

Another  method  has  been  given  by  Girard,  for  the  details  of 
which  the  original  paper  may  be  consulted.^ 

Pure  Isevulose  is  also  obtained  from  inulin,  CgH^oOg,  a  substance 
which  occurs  in  various  plants  (p.  5()6),  or  from  its  isomeride 
Isevulan,  which  is  found  in  the  molasses  of  beetroot  sugar,  by 
treating  these  substances  with  dilute  sulphuric  acid. 

Lsevulose  remains,  on  concentrating  its  solution,  as  a  thick  syrup 
which  does  not  deposit  crystals  on  keeping,  and  indeed  it  was 
believed  that  Isevulose  could  not  be  obtained  crystallized,  until 
Jungfleisch  and  Lefranc  succeeded  in  preparing  it  in  this  form. 
For  this  purpose  the  syrup  is  repeatedly  treated  with  cold 
absolute  alcohol,  to  remove  water  and  certain  admixtures.  The 
residual  syrup  on  being  kept  for  some  time  in  a  cold  place 
gradually  deposits  crystals  and  at  last  completely  solidifies.  This 
is  then  dissolved  in  hot  alcohol  when,  on  cooling,  the  greater  part 
of  the  Isevulose  separates  out  as  a  syrup,  but  the  mother-liquid 
yields,  on  further  cooling,  crystalline  Isevulose  in  thin  needles, 
concentrically  grouped  and  possessing  a  silky  lustre.  Lsevulose 
may  also  be  crystallized  from  aqueous  solution,  by  bringing  into 
the  liquid  a  few  of  the  crystals  obtained  as  above  described.* 
Crystalline  Isevulose  melts  at  95°,  it  is  readily  soluble  in  water 
and  dilute  alcohol,  and  possesses  a  taste  as  sweet  as  that  of  cane- 
sugar.  By  the  action  of  sodium  amalgam  and  water  it  is  trans- 
formed into  mannite,  which  is  identical  with  the  mannite  found 
in  nature,  and  also  with  that  obtained  from  dextrose.^  Like  the 
last-named  substance  it  reduces  many  metallic  salts,  but  it 
differs  from  it  in   that  Isevulose  is   less    easily  fermentable  on 

^  Scheibler,  Jahresh.  1863,  574.  '^  Bull  Soc.  Chim.  xiii.  350. 

3  lb.  xxxiii,  154.  *  Compt.  Rend,  xciii.  547. 

*  Krusemann,  Ber.  Beutsch.  Chem,  Ges.  ix.  1465  ;  Muntz  and  Aubin,  Ann. 
Chim,  Phys.  [5],  x.  559  j  Eug.  Peligot,  Compt.  Rend,  xc.  153. 
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addition  of  yeast,  so  that  in  a  fermenting  solution  of  invert-sugar 
the  dextrose  first  disappears.  Lsevulose  has  the  power  of 
reducing  copper  oxide  iu  the  same  proportion  as  dextrose,  but 
the  boiling  must  be  kept  up  for  thirty  minutes  (Allibn).  It 
differs,  however,  from  dextrose,  inasmuch  as  that  when  treated 
in  aqueous  solution  with  chlorine  or  bromine  it  does  not  yield 
gluconic  acid,  but  is  oxidised  to  glycolic  acid. 

When  Isevulose  is  heated  to  170°,  it  is  converted  into 
amorphous  Icevulosan,  CgHj^Og.  This  substance  is  also  obtained, 
together  with  dextrose,  when  cane-sugar  is  heated  (p.  523),  and 
if  to  a  solution  of  the  mixture  yeast  be  added,  the  grape  sugar 
alone  enters  into  fermentation,  and  the  Isevulosan  remains  behind. 
On  boiling  with  dilute  acids  Isevulosan  is  again  converted 
into  Isevulose. 

848  Metallic  Compounds  of  Lccvtdose,  The  most  important  of 
these  is  the  calcium  salt  already  mentioned,  possessing  the  formula 
CgHcj(CaOH)30g.  This  forms  acicular  prisms  which  require 
more  than  333  parts  of  cold  water  for  solution.  If  from  12  to 
15  grams  of  slaked  lime  be  shaken  up  witli  a  G  to  8  per  cent, 
solution  of  Isevulose,  at  20°  filtered  quickly,  and  the  filtrate  cooled 
down  to  0°,  crystals  are  obtained  of  C6H^i(CaOH)Og  +  2H2O  ; 
these  dissolve  at  15°  in  137  parts  of  water.^ 

By  boiling  a  solution  of  invert-sugar  with  lime  E.  Peligot 
obtained  a  body  which,  according  to  him,  is  isomeric  with  cane- 
sugar,  and  to  which  he  gave  the  name  of  saccharin.^  Scheibler 
has  however  found  that  this  substance,  which  may  be  obtained 
from  either  dextrose  or  from  Isevulose,  but  more  easily  from  the 
latter,  has  the  formula  CgHi^Og,  and  is  the  anhydride  or  lactone 
of  monobasic  saccharic  acid,  CgH^^Oe-^  Saccharin  is  also  formed 
when  a  solution  of  invert-sugar  is  allowed  to  stand  in  contact 
with  lime  for  some  months.*  It  also  occurs  in  the  molasses  of 
beet-root  sugar.  It  dissolves  readily  in  water,  possesses  a  saline 
bitter  taste,  and  crystallizes  in  large  rhombic  prisms,  which  melt 
at  160—161°,  and  at  a  higher  temperature  sublime  with  partial 
decomposition.  It  is  dextro-rotatory,  and  exhibits  a  neutral 
reaction,  but  its  solution  becomes  acid  on  standing  for  some  tmie, 
this  change  taking  place  more  quickly  if  the  liquid  be  heated. 
This  change  is  due  to  the  formation  of  saccharic  acid,  which 
however  has  not  been  obtained  in  the  pure  state,  as  it  easily 

1  Eu^.  Peliffot,  Compt.  Mend.  xc.  IfiS.  "  Compf,.  Rend.  Ixxxix.  91S. 

8  £e?.  Deutsch.  Chem.  Ges.  xiii.  2212.  '  Kiliaui,  ib.  xv.  2953. 


548  CARBOHYDRATES. 


splits  up  into  water  and  saccharin.  The  salts  of  saccharic  acid 
are  Igevo-rotatory,  and  many  of  them  crystallize  Avell. 

If  saccharin  be  heated  with  phosphorus  and  hydriodic  acid^  it 
is  reduced  to  saccharon,  G^^fi^,  an  oily  liquid  boiling  at  203°; 
this  is  probably  the  lactone  of /8-oxycaproic  acid.  Concentrated 
nitric  acid  oxidizes  saccharin  to  the  acid  CgHgOgH-  HgO,  which 
forms  large  rhombic  crystals,  possessing  a  pleasant  sour  taste 
resembling  that  of  citric  acid.  This  acid  is  monobasic,  but  its 
solution  when  neutralized  with  alkali,  becomes  acid  again  on 
standing  or  more  quickly  on  heating,  and  then  requires  a  second 
equivalent  of  alkali  for  neutralization. 

Saccharin  has  probably  the  following  constitution  : 

HO.CH2.CH(OH).CH(OH).CH.CH2.CO. 

\    / 
O 

Galactose,  CgH^g^g. 

849  The  fact  that  milk-sugar  when  boiled  with  dilute 
sulphuric  acid  does  not  yield  grape-sugar,  as  was  sup- 
posed to  be  the  case,  but  a  new  sugar,  was  shown  by  E.  0. 
Erdmann,^  and  by  Pasteur,^  and  the  latter  chemist  gave  to  this 
substance  the  name  of  lactose,  which  Berthelot  changed  to 
galactose,  applying  the  term  lactose  to  milk-sugar.  According 
to  him  Bouchardat  was  the  first  to  recognize  the  individuality 
of  galactose.^  Fudakowski  then  found  that  along  with  galactose 
another  sugar  is  formed,  and  on  further  examination  he 
recognized  this  to  be  dextrose.*  Galactose  is  also  formed  by 
boiling  certain  kinds  of  gum-arabic  with  dilute  sulphuric 
acid.^ 

In  order  to  prepare  galactose  from  milk-sugar,  it  is  boiled  with 
four  times  its  quantity  of  water  containing  5  per  cent,  of 
sulphuric  acid  for  six  hours,  the  solution  neutralized  with  baryta, 
and  concentrated  by  evaporation.  This  solution  does  not  yield  any 
crystals  even  after  a  week's  standing,  but  if  a  few  crystals  of 
grape-sugar  be  introduced,  the  Avhole  solidifies  in  a  short  time 
into  a  crystalline  paste.  This  is  remark£),ble,  as  the  crystals 
formed  are  not  those  of  dextrose  but  of  galactose.  The  mass  is 
then  rubbed  up  with  alcohol  of  80  per  cent.,  and  the  brown 
mother-liquor  removed  by  filtration  and  pressing,  these  operations 

1  Jahresh.  1855,  673.  2  Compt.  Rend.  xlii.  347. 

3  Chim.  Org.  ii.  2i9. 

**  Ber.  Deutsch.  Gkem.  Ges.  viii.  599  ;  ix.  42 ;  xl  1069. 
'^  Kiliaui,  ib.  xiii.  2304;  xv.  34  ;  Claesson,  ib.  xiv.  1220. 
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being  repeated  until  the  residue  is  white ;  this  is  then  dissolved 
in  hot  70  per  cent,  alcohol  and  recrystallized.^ 

Galactose  is  readily  soluble  in  hot,  but  much  less  soluble  in 
cold,  water,  and  crystallizes  in  large  rhombic  prisms.  These 
possess  a  taste  less  'sweet  than  that  of  cane-sugar,  and  melt  at 
14*2° — 144°.  In  absolute  alcohol  and  ether  galactose  is 
insoluble. 

It  is  more  strongly  dextro-rotatory  than  dextrose,  and  like 
this  it  reduces  alkaline  solutions  of  copper,  bismuth,  and  silver 
salts.  By  sodium  amalgam  it  is  transformed  into  dulcite,^ 
whilst  it  is  oxidized  by  nitric  acid  to  mucic  acid,  and  by  bromine 
and  water  to  monobasic  ladonic  acid,  CgHi^OQ.  This  last-named 
body,  which  is  also  obtained  from  milk-sugar,  forms  a  crystalline 
deliquescent  mass,  and  its  soluble  salts  crystallize  well.^ 

Calcium  Ladonate,  (C6H906)2Ca  +  7B.fi,  forms  monoclinic 
tables.*  Its  lukewarm  solution  dissolves  lime,  and  on  then 
heating  the  salt  CeHgOgCa  separates  out. 


Arabinose,  GqH.^2^q, 

850  By  boiling  gum-arabic  with  dilute  sulphuric  acid,  Biot 
and  Persoz  ^  obtained  a  sugar,  which  Berthelot  thought 
was  galactose.®  Scheibler,  however,  further  examined 
this  gum-sugar,  and  stated  it  to  be  a  new  substance  and 
termed  it  arabinoseJ  Kiliani,  on  the  other  hand,  considered 
that  the  sugar  obtained  from  gum  was  indeed  galactose.^ 
Clsesson  explained  these  contradictory  statements  by  finding 
that  whilst  galactose  is  certainly  formed  from  such  varieties 
of  gum  as  yield  mucic  acid  on  oxidation,  yet  other  varieties  of 
gum  arabic  do  yield  arabinose.^ 

Arabinose  crystallizes  from  hot  alcohol  in  radiating  prismatic 
tufts,  it  melts  at  160°,  is  more  strongly  dextro-rotatory  than 
galactose,  and  is  oxidized  by  nitric  acid  to  oxalic  acid,  without 
first  yielding  mucic  acidc 

The  gum  of  the  cherry-tree  when  boiled  with  dilute 
sulphuric  acid  first  yields  cerasinose,  CgHiPg,  which  separates 

1  Soxhlet,  Jotcrn.  PrakL  Chcm.  [2],  xxi.  262. 

3  Bouchardat,  Ann.  Chhn.  Fhyn.  [4],  xxvii.  79. 

3  Barth  and  Hlasiwetz,  Ann.  Chcm.  Pharni.  cxxii.  96. 

*  Kiliani,  Bcr.  Deittsch.  Chem,  Gcs.  xiv.  651. 

*  Bouchardat,  Ann.  Chim.  Phys.  [2]  lii.  85.  «  LocciL 
7  Ber.  Deutsch.  Chem.  Ges.  vi.  614.  ^  Loc,  cU. 
1*  Loc.  ciL;  Kiliani,  Per.  Deatsch.  Chcm.  Ges.  xv.  34. 
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from  solution  in  hot  alcohol  in  very  brittle  and  hygroscopic 
crystals,  and  these  even  at  100°  become  brown  and  soften.  It 
passes  on  long  standing  into  arabinose,  the  same  change 
occurring  when  cerasinose  is  heated  for  two  hours  to  100"  with 
water  acidified  by  hydrochloric  acid.^ 

EUCALYN,    GqE^^Oq  +  HgO. 

851  This  is  formed  together  with  dextrose  by  boiling  meli- 
tose  with  dilute  sulphuric  acid,  and  as  it  does  not 
enter  into  fermentation  by  contact  with  yeast,  it  may 
be  readily  separated  from  the  dextrose  formed  at  the  same 
time.  Eucalyn  is  a  thick  syrup  which  has  only  a  slightly 
sweet  taste.  It  is  turned  brown  by  alkalis  and  reduces  alkaline 
copper  solution. 

Sorbin,  GoR^fi^. 

852  Pelouze  found  this  substance  in  the  juice  from  mountain- 
ash  berries  which  had  been  collected  in  September,  the 
liquid  having  been  allowed  to  stand  by  itself  for  a  year.^ 
The  fresh  juice  of  the  ripe  berries  does  not  contain  sorbin,^ 
which  is  probably  formed  in  the  course  of  fermentation  as 
a  reduction  product  of  sorbite,  CeH^^Og,  (p.  492). 

Sorbin  forms  hard  rhombic  crystals,  and  possesses  as  sweet  a 
taste  as  cane-sugar.  It  is  soluble  in  half  its  weight  of  water, 
but  is  only  slightly  soluble  in  alcohol.  It  is  coloured  brown  on 
heating  with  alkalis,  and  reduces  an  alkaline  copper  solution. 
Its  solution  does  not  ferment  on  the  addition  of  yeast.  If  the 
solution  be  treated  with  chlorine  and  then  with  silver  oxide 
glycollic  acid  is  obtained.*  By  concentrated  nitric  acid  it  is 
oxidized  to  dextro-rotatory  tartaric  acid,  racemic  acid,  oxalic 
acid,  and  aposorbic  acid,  CgHgOy ;  this  last  named  acid  is  dibasic, 
and  cystallizes  in  rhombic  scales  melting  at    110°. 

Inosite,  GQK^f>Q  +  2Kfi, 

853  This  substance  was  first  found  by  Scheerer  in  the 
fluid    contained    in    the    muscles    of    the     heart   of    the    ox 

"^  Martin,  Sa/^chsi's  Phylochem.  Unters.  78. 

^  Ann.  OJieni.  Fharm.  Ixxxiii.  47. 

3  Byschl,  Jahre.-^b.  1854,  664. 

^  Hlasiwetz  and  Habermann,  Ann.  Chem.  Pharm.  civ.  129- 

^  Dessaignes,  Ann.  Chem.  Phann-,  Suppl.  ii.  242. 
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(t?,  gen.  tz/o?,  muscle),-^  and  according  to  Sokolow  and 
Panum,  it  does  not  occur  in  any  other  muscular  fluid.^  It  is 
however,  found  widely  distributed  in  the  animal  kingdom,  as 
for  instance  in  the  lungs,  the  liver,  the  spleen,  and  the  kidneys 
of  the  ox,^  in  the  brain  of  the  same,^  in  the  urine  of  man  in  case 
of  Bright's  disease  (Cloetta),  and  even  in  healthy  urine  after 
drinking  large  quantities  of  water. ^ 

Inosite  is  also  frequently  found  in  the  vegetable  kingdom. 
Vohl  discovered  it  first  in  the  young  French  bean  (Fhaseolus 
milgaris)y  and  gave  to  the  new  saccharine  substance  the  name 
of  Fhaseomannite,  and  soon  afterwards  he  recognized  its  identity 
with  inosite.^  Marm^  then  found  it  in  the  unripe  pea,  the 
lentil,  and  the  fruit  of  the  Eobinia  (Bohinia  pseudacacia),  in  the 
white  cabbage,  foxglove,  dandelion,  in  asparagus,  and  in  the 
germ  buds  of  the  potatoJ  It  also  occurs  in  the  grape,  and 
hence,  as  it  is  not  fermented  by  yeast,  it  finds  its  way  into 
wine.^  It  is  likewise  present  in  vinous  liquids,^  as  well  as  in 
the  young  leaves  of  the  vine,^°  and  in  the  leaves  of  the  ash,ii 
and  of  the  walnut  tree.^^ 

To  prepare  inosite  from  the  heart  or  the  lungs  of  the  ox,  the 
material  is  finely  chopped  up,  and  exhausted  with  water,  some 
acetic  acid  added,  and  the  mixture  then  heated  to  the  boiling 
point.  The  filtrate  is  treated  with  neutral  lead  acetate,  filtered 
off  from  the  precipitate  formed,  and  then  the  filtrate  is  pre- 
cipitated by  basic  lead  acetate,  the  washed  precipitate  decomposed 
by  sulphuretted  hydrogen,  and  the  concentrated  solution 
precipitated  by  addition  of  alcohol.  It  is  prepared  from 
vegetable  juices  by  neutraUzing  the  liquid  with  baryta-water, 
treating  with  lead  acetate  solution,  and  then  proceeding  as  above 
described.  To  precipitate  the  substance  from  the  concentrated 
aqueous  solution,  Hilger  recommends  a  mixture  of  10  parts 
of  alcohol  and  1  part  of  ether. 

Inosite  forms  large  transparent  monoclinic  crystals,  which 
possess  a  sweet  taste,  and  axe  soluble  at  the  ordinary  temperature 
in  about  6  parts  of  water.      Inosite  is  but  slightly  soluble  in 


I  Desaaignes,  Ann.  Chem.  Pharm.  Ixxiii.  322.  \  /&.  Ixxxi.  375._ 

«  Cloettr,  Ann.  Chem,  Pharm.  xcix.  289.  '  Muller,  ib.  cui.  140. 

^  Kultz,  Fresenitcs'  Zeitsch,  xvi.  135. 
«  Ann.  Ohem.  Pharm.  xcix.  125 ;  ci.  50;  cv.  330. 

7  lb.  cxxix.  222.  ^    ^^        ^         '  HUger,  tb.  clx.  333. 

«  Canstein  and  Neubauer,  Ber.  Deutsch.  Chem.  Qes.  vi.  1411. 
^**  Neubauer,  Fresenius'  Zeitsch,  xii.  45. 

II  Gintl,  Jahresb.  1868,  800.  ^ 

^  Tanset  and  Yilliers,  Bull.  Soc,  Chim,  xxix.  74. 
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hot  dilute  alcohol,  and  it  is  insoluble  in  absolute  alcohol  and  in 
ether.  It  effloresces  in  the  air  and  becomes  completely  dehydrated 
at  100°.  When  boiled  with  alkalis  it  is  not  coloured  brown, 
and  ifc  has  no  action  on  an  alkaline  copper  solution.  Nitric 
acid  oxidizes  inosite  to  oxalic  acid.  Its  solution  yields  with 
lead  acetate  a  gelatinous  precipitate  which,  after  drying  over 
sulphuric  acid,  possesses  the  empiiical  formula  2  CgH^gOg  +  5  PbO 
(Cloetta). 

If  inosite  be  evaporated  almost  to  dryness  with  addition  of  a 
little  nitric  acid,  a  few  drops  of  ammoniacal  calcium  chloride 
solution  then  added,  and  the  mixture  again  evaporated,  a  rose- 
red  coloration  is  produced,  and  in  this  way  the  presence  of 
0'0005  grams  of  inosite  may  be  recognized.  This  reaction  is 
not  yielded  by  other  saccharine  bodies  or  by  starch. ^  If  to  a  few 
drops  of  inosite  one  drop  of  a  mercury  nitrate  solution  (used  in 
the  estimation  of  urea)  be  added,  a  yellow  precipitate  is  formed 
which  on  heating  becomes  red ;  this  becomes  yellow  again  when 
cold,  but  reddens  when  re-heated.'-^ 

Hexnitroxyinosite,  CgHg(N03)g.  Inosite  is  dissolved  by 
concentrated  nitric  acid,  and  on  addition  of  sulphuric  acid  to 
this  solution  a  gritty  precipitate  is  formed  which  is  insoluble  in 
water.  If  this  be  dissolved  in  hot  alcohol,  the  hexnitrate  crys- 
tallizes out  on  cooling  in  rhombic  tables  and  prisms,  and  these 
explode  violently  on  percussion.  The  mother-liquor  yields  on 
evaporation  fine  white  needles  of  the  trinitrate,  Q^^O^iJ^O^^^ 
The  formation  of  this  hexnitrate  proves  that  inosite  is  the 
alcohol  of  a  hexad  radical. 


SCYLLITE,  CgH^gOe- 

854  This  compound  occurs  in  largest  quantity  in  the  kidney 
of  the  skate,  shark  {Raja  hatis  and  clavata),  and  dogfish 
{Scy Ilium  canicida),  and  also  of  the  Spinax  acanthias,  and  it 
also  occurs  in  the  liver,  milt,  &c.,  of  these  cartilaginous  fishes. 
It  may  be  prepared  from  these  sources  by  the  method  described 
for  the  extraction  of  inosite.  It  is  less  soluble  in  water  than 
the  last-named  substance,  and  crystallizes  in  anhydrous  mono- 
clinic  prisms  which  have  a  slightly  sweet  taste.     Like  inosite  it 

^  Scherer,  Ann,  Chem.  Pharm.  Ixxxi.  375. 

2  Gallois,  Fresenius'  Zeitsch,  iv.  264. 

^  Vohl,  loc,  cit.  ;  Ber,  Deutsche  Chem.  Ges.  vii,  106. 
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is  neither  coloured  brown  by  alkalis,  nor  does  it  reduce  alka- 
line copper  solution,  but  it  does  not  yield  Scherer's  reaction 
for  inosite.* 


Dambose,  CgH^gOg. 

855  This  glucose  occurs  as  the  monomethyl  ether  in  caoutchouc 
from  Borneo  and  as  the  dimethyl  ether  in  that  from  the  Gaboon, 
the  native  name  for  which  is  n'damho.  The  dambose  is  obtained 
from  the  ethers  by  heating  them  with  fuming  hydri-odic  acid. 
It  is  easily  soluble  in  water,  but  insoluble  in  absolute  alcohol. 
It  crystallizes  in  six-sided  prisms,  which  possess  a  sweet  taste, 
and  on  heating  melt  at  212°  without  decomposition.  It  is  not 
affected  by  boiling  alkalis.  With  concentrated  nitric  acid  it 
yields  an  explosive  nitrate,  but  by  the  hot  acid  it  is  oxidized  to 
saccharic  acid. 

Dambose  Methyl  Ether,  or  Bornesite,  GQH.^^{GIi^OQ.  By  sub- 
jecting Borneo  caoutchouc  to  pressure,  a  liquid  is  obtained  from 
which  bornesite  is  left  on  evaporation.  It  dissolves  easily  in 
water,  is  slightly  soluble  in  alcohol,  and  crystallizes  in  rhombic 
prisms  which  have  a  sweet  taste,  and  melt  at  175°.2 

Dambose  Dimethyl  Ether,  or  Dambosite,  GqH.jq(GK^)20q,  is 
similarly  contained  in  aqueous  solution  in  raw  Gaboon  caoutchouc, 
and  is  obtained  on  evaporation  of  the  liquid.  It  is  very  sweet 
in  taste ;  and  crystallizes  from  hot  spirit  in  anhydrous  hexagonal 
prisms,  and  from  water  in  oblique  prisms  which  contain  three 
molecules  of  water.  The  anhydrous  compound  melts  at  195°  and 
by  careful  heating  may  be  sublimed  between  200°  and  210°  in 
long  needles.^ 

Metezodamhose,  CgHjsOg,  occurs  as  the  methyl  salt,  termed 
matezite,  Gg'S-i7{Gli^)0g,  in  Madagascar  caoutchouc.  This  body 
melts  at  235^  is  feebly  dextro-rotatory,  and  closely  resembles 
dambose.^ 

1  Stadeler  and  Frerichs,  Jotirn.  PraJct.  Chcm.  Ixxiii.  48. 

-  Girard,  Compt,  Mend.  Ixxiii.  426. 

3  lb.  Ixvii.  820. 

*  Girard,  Bull  Soc.  Chim.  xxi.  219. 
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STARCH    OR    AMYLUM,  (CeHioOg)^. 

856  Starch  was  known  to  the  Greeks.  They  denoted  this  sub- 
stance by  the  word  dfivXov  (a,  privative,  and  fivXo'ij  a  millstone), 
as  it  is  prepared  as  a  fine  flour  without  grinding.  Dioscorides 
relates  that  the  best  kind  of  starch-flour  is  obtained  from  Cretan 
or  Egjrptian  wheat,  the  grain  being  steeped  in  water  until  the 
husk  is  softened,  after  which  it  is  kneaded  and  washed  with 
water.  The  husk  is  then  removed  by  sieving,  and  the  powdery 
deposit  at  once  placed  on  bricks  and  dried  in  the  sun,  as  when 
moist  it  soon  turns  sour.  Similar  statements  are  made  by  Pliny, 
who  adds  that  starch  was  discovered  in  Chios.  Beccari  in  1745 
proved  that  wheaten  flour  yields  gluten  as  well  as  starch  when 
washed. 

Starch  is  widely  disseminated  throughout  the  vegetable  world. 
It  is  formed  from  the  protoplasm  contained  in  the  chlorophyll 
cells,  and  is  therefore  found  in  all  phanerogams,  whilst  it  scarcely 
occurs  in  any  of  the  cryptogams  which  do  not  contain  chlorophyll. 
These  organs,  which  serve  as  reserve  material  from  which  the 
young  shoots  of  the  plant  obtain  nourishment,  are  rich  in  starch, 
and  hence  it  collects  during  autumn  in  the  medullary  rays  of 
the  wood,  in  tubers  and  roots  and  in  many  fruit  and  seeds. 

The  solid  particles  of  starch  being  the  first  recognizable 
products  of  assimilation  are  noticed  beneath  the  surface  of 
the  green  chlorophyll  corpuscles.^  Each  solid  particle  grows 
into  a  starch  granule,  which  only  increases  in  size  as  long  as  it 
is  in  contact  with  the  protoplasm,  and  on  exposure  to  light  at 
suitable  temperatures,  ranging  from  15°  to  25°.  This  formation 
■of  starch  may  be  followed  through  the  various  organs  and  tissues 
of  the  plant.     If  leaves  of  certain  delicate  plants  be  covered  for 

^  Sachs'  Flora,  1862  ;  Experimental  Pflanzen-physiolgiey  1865  ;  also  Naegeli, 
.Zeitschr.  f.  Wissen.  Bot.  iii.  and  iv. 
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some  days,  it  will  be  seen  that  the  starch  granules  have  disap- 
peared ;  if,  then,  the  leaf  be  exposed  to  direct  sunlight  the  starch 
granule  makes  its  appearance  in  certain  cases  in  about  five 
minutes,^  whilst  in  diffused  light  this  takes  about  two  hours. 
This  appearance  of  the  starch  granule  takes  place  more  quickly 
under  the  influence  of  the  yellow  rays  than  under  those  of  the 
blue.2  According  to  Schimper  ^  it  appears  that  in  the  deeper 
lying  parts  of  plants  where  no  green  chlorophyll  exists,  the 
starch  grains  are  found  in  connection  with  minute  granules 
of  protoplasm  termed  by  him  starch-formers;  these  differ 
from  chlorophyll  corpuscles  mainly  in  not  possessing  a  green 
colour,  and  in  having  a  much  more  delicate  structure.  The 
starch-grain  grows  in  part  at  the  expense  of  the  chlorophyll 
corpuscles  and  of  the  starch-formers,  in  both  cases  the  proto- 
plasm becoming  altered  and  diminished  in  quantity.  It  seems 
probable,  however,  that  a  series  of  products  intervene  between 
the  commencement  of  assimilation,  the  decomposition  of  car- 
bonic acid,  and  formation  of  starch,  although  the  existence  of 
such  intermediate  substances  has  not  yet  been  proved. 

857  Manufacture.  Starch  is  usually  manufactured  in  Europe 
from  wheat,  maize,  rice,  and  potatoes,  and,  in  tropical  countries, 
from  the  stems  of  the  palm  and  from  tubers  of  various  plants. 

The  oldest  method  of  manufacturing  starch  is  that  of  the 
acid  fermentation.  This  process  is  in  use  at  the  present  day  in 
countries  in  which  a  meal-tax  exists.  The  grain  is  first  softened  by 
steeping,  and  when  sufficiently  soft  it  is  crushed  between  rollers, 
and  then  coarsely  ground  and  moistened  with  water,  after  which 
it  is  placed  in  a  large  vat,  when  fermentation  sets  in.  Acetic, 
lactic,  and  butyric  acids  are  thus  formed  from  the  sugar,  and 
from  a  part  of  the  starch,  of  the  grain,  whilst  the  gluten  loses 
its  tenacity  so  as  to  admit  of  the  separation  of  the  starch  by 
washing.  The  mass  is  then  washed  in  a  revolving  cylinder 
having  holes  in  the  sides,  and  the  milky  liquid  allowed  to  settle 
in  a  vat,  in  which  the  starch,  having  settled  down,  is  again 
washed  by  decantation. 

Another  process  consists  in  first  softening  the  grain  by  soaking 
and  then  crushing  it  between  rollers  and  washing  out  the  starch, 
which,  as  it  contains  gluten,  is  allowed  to  stand  until  this  sub- 
stance has  been  decomposed  by  fermentation. 

^  Krans,  Jahrhuchf.  Wissen.  Bot.  vol.  vii. 

2  Sachs'  Text-Book  of  Botany^  Macmillan  &  Co. 

3  Bot.  Zeitung,  1880,  p.  881. 
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A  third  plan  is  to  use  flour  which  must  first  be  kneaded  to  a 
dough ;  this,  after  washing  on  sieves  and  between  rollers,  is 
brought  into  a  centrifugal  machine,  where  the  washing  is  com- 
pleted. In  order  to  purify  the  starch  thus  obtained  it  is  treated 
with  water  containing  some  caustic  soda,  and  then  passed  through 
a  sieve  which  retains  the  gluten  and  other  impurities  (0.  Jones). 

Maize-starch  is  chiefly  manufactured  in  England  (Brown  and 
Poison),  and  in  the  United  States  (Erkenbrecher  and  the 
Glen  Cove  Co.),  the  operations  being  identical  with  those  de- 
scribed. Bice-starch  is  also  prepared  in  a  similar  way,  the 
separation  of  the  gluten  being  facilitated  by  washing  with 
dilute  caustic  soda.  For  the  preparation  of  potato-starch,  the 
tubers  are  ground  to  pulp  and  then  washed  on  sieves  or  on  a 
centrifugal  washer.  The  wash-water  is  made  sour  by  sulphuric 
acid,  and  the  starch  afterwards  heated  with  water  containing 
-^\jj  of  its  weight  of  caustic  soda.  Starch  can  also  be  obtained 
from  horse-chestnuts  in  a  similar  way.  In  the  East  Indies,  the 
Philippine  Islands,  &c.,  starch  is  prepared  from  the  pith  of  the 
sago-palm  {Sagus  lams,  or  Sagus  rhiimphii).  This  comes  into 
the  market  under  the  name  of  sago  (a  word  meaning  tread). 
Arrowroot  is  the  starch  of  the  Maranta  ariindinacea  and  indica, 
and  a  few  other  tropical  plants  growing  in  the  West  Indies, 
Brazil,  and  the  Southern  States.  Tajnoca  is  derived  from  the 
Jatropha  manihot,  this,  like  sago,  being  subjected  to  pressure 
to  give  the  grains  a  peculiar  form. 

858  Properties.  Starch  is  a  white  glistening  powder  which, 
except  in  the  case  of  potato  starch,  which  contains  traces  of  a 
volatile  oil,  is  devoid  of  taste  and  smell. 

The  size  of  starch  granules  varies  considerably.  The  largest 
granules  occur  in  potato  starch  and  in  one  kind  of  sago  from 
cauna  gigantea,  and  these  have  a  diameter  varying  from  0*14  to 
0'185  mm.  The  granules  of  wheaten  starch,  on  the  other  hand, 
are  usually  from  0-014  to  0*05  mm.  in  diameter,  but  the  largest 
granules  of  wheaten  starch  are  always  larger  than  the  smallest 
granules  of  potato  starch.  The  smallest  granules  are  those  of 
beet-root  and  rice,  which  have  a  diameter  of  from  0'002  to  0"015 
mm.  But  whilst  the  size  of  the  granule  varies  in  every  species 
of  starch,  each  species  exhibits  its  own  peculiar  form,  which  can 
readily  be  detected  under  the  microscope.  Not  only  is  this  the 
case,  but  adulteration  and  its  amount  can  thus  be  ascertained. 
Thus  the  adulteration  of  the  more  expensive  wheaten  starch 
with  cheaper  potato  starch  is  capable  of  precise  measurement. 
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Starch  graimles  have  the  power  of  polarizing  light  like  a 
doubly  refracting  crystal.  The  granule  consists  of  a  series  of 
layers  arranged  round  a  nucleus ;  this  stratified  structure  cannot 


Fig.  ISS.—Wheateu  stai-ch,  300  diams. 


Fig.  139. — Potato  starch,  300  diams. 


always  be  observed  in  the  granules,  bat  is  rendered  perceptible 
by  treatment  with  dilute  alkali,  or  with  chromic  acid. 


Fig.  140. — St.  Vincent  arrowroot, 
300  diams. 


-pjQ^  141.— St.  Thomas  arrowroot, 
300  diams. 


So  lone  ago  as  1716  Leeuvenhoek  asserted  that  the  ceU-wallo 
of  the  granules  differ  from  the  cell-contents  and  Raspail 
confirmed  this  assertion,  believing  however  that  the  cell-contents 
were  identical  with  gum-arabic.^     On  the  other  hand.  Guibort 

1  Nom.  System.  Org.  Chim.  1833. 
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came  to  the  conclusion  that  both  the  above  possessed  the  same 
chemical  composition,  and  that  they  only  differ  physically.^ 
The  structure  of  the  starch  granule  was  then  carefully  examined 


Fig.  142. — Sago  starcli  (partially 
gelatinized),  300  diama. 


EiG.  143.— Eye  stajch,  300  diams. 


by  Fritsche,^  and  the  classical  researches  of  Naegeli  ^  proved  that 
starch  is  a  mixture  of  several  isomeric  compounds.  The  chief 
portion  consists  of  pure  amylum  or  gramdose,  the  remainder 


Fig.  144. — Maize  starch,  300  diams. 

(a)  From  the  outer  portion  of  the  grain. 

(b)  From  the  inner  mealy  portion. 


Fig,  145. — Rice  starch,  300  diams. 

(a)  A  portion  of  the  cellular  tissue. 

(b)  Free  starch  grains. 


being  made  up  of  starch  cellulose  or  farinose.     These  bodies  do 
not,  however,  differ  essentially  from  each  other  but,  as  will  be 

^  Journ.  Chim.  Med,  v.  9.         ^  Pogg.  Ann.  xxxii.  129.         ^  Jahresber.  1859,  544. 
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shown,  are  connected  together  by  a  variety  of  intermediate 
products.^ 

When  starch  is  brought  in  contact  with  acidified  water  or 
with  water  containing  certain  ferments,  the  granulose  dissolves 
completely,  whilst  the  starch  cellulose  remains  behind  in  the 
original  form  of  the  granule.  This  separation  requires  from  two 
to  four  days  for  its  completion  if  1  part  of  starch  be  mixed  with 
40  parts  of  concentrated  solution  of  common  salt,  containing 
1  per  cent,  of  hydrochloric  acid  and  the  whole  heated  to  60°.^ 
If  the  granules  are  not  broken,  starch  is  not  acted  on  by  cold 
water,  but  if  they  be  rubbed  up  with  water  a  part  of  the 
granulose  dissolves.  This  solution  can  be  filtered  and  has  a 
powerful  dextro-rotatory  action.     The  longer  the  treatment  is 


Fig.  146.— Millet  starch,  300  diams. 


Fig.  147. — Buckwheat  starch,  300  diams. 


continued,  the  greater  is  the  portion  which  dissolves  until,  at 
length,  only  the  cell- walls  remain. 

859  When  starch  is  heated  with  water  the  granules  begin  to 
swell  up,  and  then  burst  with  formation  of  starch-paste.  The 
temperature  at  which  the  granules  begin  to  swell  and  also  that 
at  which  a  complete  transformation  into  paste  occurs,  differs 
according  to  the  nature  of  the  starch.  As  a  rule,  the  swelling 
begins  at  about  50°  and  is  completed  at  from  60°  to  70°.  In 
the  case  of  barley  starch,  however,  the  change  begins  at  37°-5  and 
is  finished  at  62°-5,  whereas  the  starch  from  acorns   does   not 

^  Naegeli,  Beitrage  zur  ndheren  Kcnntniss  der  Stdrhe  Grnppe.  Leipzig  : 
Engelmann,  1864. 

2  Schulse,  Sachsse's  Farhstoffe,  EohUnhydrate,  <tc.  p.  123. 
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appear  to  swell  until  57'''5,  and  is  not  completely  resolved  into 
paste  below  87°"5,^ 

To  produce  an  even  starch-paste  the  starch  is  first  rubbed  up 
intimately  with  a  small  quantity  of  water  to  form  a  creamy  mass 
and  then  boiling  water  added.  If  this  paste  be  treated  in  the 
cold  with  extract  of  malt,  the  granulose  dissolves  and  the  farinose 
remains.  Soluble  starch  is  also  formed  when  starch-paste  is 
boiled  with  water,  and  the  same  change  takes  place  to  a  certain 
extent  when  the  paste  is  allowed  to  stand  for  a  long  time.  The 
insoluble  portion  is  soluble  in  caustic  potash,  and  when  this 
alkaline  solution  is  boiled  it  is  resolved  into  soluble  starch,^  a 
change  which  is  also  accomplished  by  the  action  upon  starch, 
of  acids,  zinc  chloride,  &c. 

Soluble  starch  is  best  obtained  by  heating  sixty  grams  of 
potato-starch  for  half  an  hour  to  190°  with  one  kilogram  of 
glycerine,  and,  when  the  mixture  has  cooled  to  120°,  pouring  on 
to  it  two  or  three  times  its  volume  of  strong  alcohol,  when  soluble 
starch  separates  out  as  an  amorphous  white  powder.  This  is 
soluble  in  water  and  in  dilute  spirit,  and  on  drying  forms  a 
chalk-like  mass  insoluble  in  water.  The  concentrated  aqueous 
solution  gelatinizes  on  standing  for  some  time.^ 

The  well-known  iodine  reaction  for  starch  was  discovered 
by  Stromeyer^  as  well  as  by  Colin  and  de  Glaubry.^  Iodine 
vapour  colours  starch  yellow  or  brown  on  the  surface  ;  a  solution 
in  iodine  in  sti'ong  alcohol  or  ether  imparts  to  starch  scarcely 
any  colour,  but  in  presence  of  water  it  yields  a  violet  or  blue 
tint,  whilst  with  starch-paste  or  soluble  starch  it  gives  a  deep 
blue  tint. 

According  to  Naegeli  that  portion  of  the  granulose  which 
is  coloured  blue  by  iodine  is  first  brought  into  solution  by  dilute 
acids.  This  portion,  which  has  the  greatest  attraction  for 
iodine,  is  contained  in  largest  quantity  in  potato-starch,  and 
this  always  becomes  coloured  first,  "When  a  change  is  effected 
by  acids,  the  insoluble  portion  assumes  a  violet  tint.  On 
further  action  of  acid  the  residue  is  coloured  red  by  iodine,  and 
after  a  time  this  changes  to  a  reddish  yellow  tint,  the  residue 
then  consisting  of  starch  cellulose. 

The  several  kinds  of  starch  consist  of  varying  mixtures  of 
these  different  modifications.     Potato-starch  contains  more  of 

^  Lippmann,  Journ.  Prakt.  Chem.  Ixxxiii.  51, 
'^  Brown  and  Heron,  Chem,  Soe.  Trans.  1879,  p.  596. 
^  Zulkowsky,  Ber.  Deutsch,  Chem.  Ges.  xiii,  1395. 
^  Schweigg  Journ.  xii.  349.  ^  lb.  xiii.  453. 
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the  "  yellow  "  than  of  the  "  blue  "  modification  and  only  small 
quantities  of  the  intermediate  varieties.  Wheaten  starch  gives 
a  violet  coloration  with  iodine,  as  the  amount  of  the  "blue" 
substance  present  is  only  small,  whilst  a  larger  proportion  of  the 
"  red "  and  "  violet "  modification  is  contained,  but  on  boiling 
with  water  the  "  blue  "  substance  is  formed.-'- 

The  blue  colour  of  starch-paste  or  of  soluble  starch  disappears 
when  the  liquid  is  warmed  and  returns  when  it  is  cooled,  so  that 
the  reaction  is  most  delicate  when  the  liquid  is  coldest.  A 
solution  containing  0.00000002  grm.  of  iodine  is  turned  per- 
ceptibly blue  at  0°,  but  not  at  13°.  At  the  latter  temperature 
the  colour  is  first  observed  with  0"000003  of  iodine,  and  at  30° 
0*000009  is  needed.  Iodide  of  starch  is  not  a  chemical  compound, 
its  formation  depending  on  surface-attraction,  like  that  exhibited 
by  wood-charcoal  for  colouring  matters.  The  decolorization  on 
heating  is  explained  by  the  fact  that  iodine  is  much  more 
soluble  in  hot  than  in  cold  water,  and  also  by  the  slighter  degree 
of  attraction  exerted  by  the  starch.  Bromine  imparts  to  starch 
a  deep  yellow  colour. 

Starch  is  largely  used  in  the  arts,  for  laundry  purposes,  paper 
sizing,  bookbinding,  weaving  and  finishing  calicoes,  also  for 
preparing  the  thickening  for  colours  and  mordants  in  calico- 
printing,  for  dusting  the  forms  in  metal  founding,  and  a  variety 
of  other  purposes. 

86o  Metallic  Compounds  of  Amylum.  Thin  starch-paste  is 
precipitated  by  alkalis,  alkaline  earths,  ammoniacal  solution  of 
lead  acetate,  &c.  The  compounds  thus  obtained  have  been  but 
very  slightly  examined. 

Ethereal  Salts  of  Amylum.  When  cold  sulphuric  acid  acts 
upon  starch  flour  several  acid  sulphates  are  formed  ;  these  yield 
amorphous  salts.^ 

Nitrates  of  Amylum.  Braconnot,  by  the  action  of  concentrated 
nitric  acid  on  starch  flour,  prepared  a  body  which  he  believed 
was  obtained  from  starch  without  any  diminution  in  weight. 
To  this  he  gave  the  name  of  Xyloidine  (^vXov  wood  ;  elho'^  like)^ 
because  it  appeared  to  resemble  woody  fibre.  Liebig,  however, 
showed  that  this  body  contains  the  elements  of  nitric  acid^  and 
Pelouzes  found  that  100  parts  of  starch  yield  from  128  to  130 
parts  of  xyloidine.     Analysis  shows  that  this  body  consists  of  a 

^  Liehig's  Ann.  clxxiii.  218.  -t   i        o 

"  Blondeau  de  Carolles,  Ann.  Chem.  Fharm.  lii.  416  ;  Fehling,  ib.  Iv.  13. 
'^  lb.  vii.  245.  ^  Jb.  vii.  249.  ^  Comptes  Mendus,  vu.  713;  xxiu,  890. 
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mixture  of  the  mononitrate  Ci2H3g(]S[03)09  and  the  dinitrate 
^i2^i8(-^*^3)208'  Bechamp  then  proved  that  the  latter  com- 
pound exists  in  an  insoluble  and  a  soluble  modification.^  The 
first  is  prepared  by  rubbing  1  part  of  dry  starch  with  5  to  8 
parts  of  fuming  nitric  acid,  and  mixing  the  semi-fluid  mass  with 
from  20  to  30  parts  of  water.  The  curdy  mass  is  then  washed 
with  water  and  dissolved  in  a  mixture  of  10  parts  of  glacial 
acetic  acid  and  1  part  of  an  acetic  acid  of  69  per  cent.  On  the 
addition  of  water  a  white  powder  is  precipitated  only  soluble  in 
the  above-mentioned  mixture  of  acid.  To  prepare  the  soluble 
dinitr-oxyamylum  10  to  12  parts  of  fuming  nitric  acid  must 
be  used,  the  pasty  mass  is  then  precipitated  by  water,  washed, 
dried  and  dissolved  in  ether-alcohol.  This  modification  also 
dissolves  in  glacial  acetic  acid,  and  in  various  other  solvents, 
but  not  in  strong  spirit.  Both  bodies  explode  when  heated 
to  about  200°. 

Bechamp  has  also  prepared  a  tetranitrate  C^aH^g  (N03)40g  in 
both  a  soluble  and  an  insoluble  modification.  They  also  explode 
when  heated  to  273°  and  decompose  slowly  at  ordinary  tem- 
peratures. All  these  nitrates  are  reconverted  into  starch  by  the 
action  of  ferrous  chloride  solution  in  presence  of  some  iron 
filings. 

Hexaceto-Amylum,  0-^^-^J^Q^fi^fi^.  This  compound  is 
formed  when  starch-flour  is  heated  to  150°  with  acetic  anhydride. 
It  is  a  white  powder  insoluble  in  water  and  not  coloured  by  iodine, 
but  saponified  by  alkahs  with  formation  of  insoluble  starch 
which  gives  the  iodine  reaction.  If  the  temperature  to  which 
the  above  mixture  be  heated  rises  to  160°  a  higher  acetate  is 
not  formed,  but  the  isomeride  Hexacetodextrine? 


Paeamylum  (CgH^gOJ^. 

86 1  This  body  occurs  in  the  infusoria  Euglena  vmdis  which 
forms  a  green  scum  on  the  surface  of  the  water  in  which  it  grows. 
It  exists  in  the  form  of  colourless  granules,  which  dissolve  in 
caustic  potash  and  are  reprecipitated  unchanged  on  acidifying 
the  solution.  They  are  not  coloured  by  iodine,  remain  unaltered 
in  presence  of  diastase  or  of  dilute  acids,  but  when  boiled  with 
concentrated  hydrochloric  acid  they  yield  a  fermentable  sugar.^ 

1  Ann.  CMm.  PMjs.  [3],  Ixiv.  311. 

^  Naudin  and  Schiitzenber^er,  Goiapt.  Rend,  xlviii.  814. 

^  Gottlieb,  Ann.  Ch&m.  Pharm.  ]xxv.  51. 
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THE  DEXTRINES,  (CgHi^OJ 

862  In  1811  Vauquelin  pointed  out  that  starch  can  be  con- 
verted by  heating  into  a  substance  resembling  gum  arable ;  about 
the  same  time  Klrchhoff  found  that  when  starch  is  boiled  with 
dilute  sulphuric  acid  a  crystallizable  sugar  is  formed,  and  soon 
after  Vogel  showed  that  in  this  latter  reaction  a  gum-Hke  body 
is  also  produced.  That  the  gluten  contained  in  wheaten  and 
other  grain  has  the  power  of  effecting  a  similar  change  on 
starch,  and  that  this  is  brought  about  more  quickly  by  malted 
grain,  was  also  noticed  by  Kirchhoff  in  1814.  Payen  and 
Persoz  were  the  first  to  isolate  the  active  principle  of  malt, 
and  to  this,  in  1833,  they  gave  the  name  of  diastase,  as  they 
believed  the  action  of  this  body  to  be  a  simple  separation 
(Stao-Tao-fc?)  of  starch  from  the  granule.^  Shortly  before  this, 
Biot  and  Persoz  had  examined  starch  gum,  and  had  given  to  it 
the  name  of  dextrine,  from  its  dextro-rotatory  power.^  They 
supposed  that  this  body,  an  isomeride  of  starch,  is  the  first 
product  of  the  change  of  this  latter  body  to  sugar,  so  that  by 
the  action  of  dilute  acids  dextrine  is  converted  into  sugar  by 
the  assumption  of  the  elements  of  water,  and  this  view  was 
generally  adopted.  But  in  1860  Musculus  proved  it  to  be 
incorrect,  as  he  showed  that  dextrine  and  sugar  are  formed 
simultaneously.  This  fact  was  doubted  until  O'SuUivan^  proved 
the  truth  of  the  view  enunciated  by  Musculus,  and  also  showed 
that  the  sugar  which  is  first  produced  from  starch  is  not  dextrose, 
as  had  been  believed,  but  maltose.  According  to  this  observer, 
the  following  equation  represents  the  action  when  an  infusion 
of  malt  has  acted  on  starch  paste  for  from  ^-^e  to  ten  minutes 
at  63° : 

At  temperatures  between  64°  and  70°  the  following  change 
occurs  provided  the  mixture  be  quickly  cooled  after  complete 
fluidity  occurs  : 

2C,sH3A5  +  H^O  =  C.^H^^O,,  -h  4C,H,oO,. 

1  Ann.  Chim.  Phys.  [2],  liii.  73.  ^  lb.  [3],  Ui.  72. 

3  Journ.    Chem.  Soc.  1876,  ii.  125. 
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About  95°  the  diastase  ceases  to  be  active.  At  temperatures 
near  to  this  the  decompositiou  occurs  as  follows  : 

4C,3H3„Oi5  +  H,0  =  G,,K,fi,,  +  lOCeHj^O,. 

The  dextrine  thus  formed  passes,  on  longer  contact  with  the 
malt  infusion,  into  maltose. 

Marker  appears  to  have  come  to  different  conclusions  con- 
cerning the  nature  of  these  changes.  He  found  that  more 
maltose  and  less  dextrine  were  produced  at  lower  temperatures 
than  at  higher  oaes.^ 

Further  experiments  of  Musculus  and  Gruber  led  to  the 
supposition  that  the  starch  is  first  converted  into  a  soluble 
modification  containing  five  or  six  times  the  molecule  C^gHgoO^Q, 
and  that  this  is  converted,  by  assumption  of  water,  into  one 
molecule  of  maltose,  and  into  erythTodextrine,  a  body  coloured 
red  by  iodine.  This  is  again  converted,  by  assumption  of  water 
and  elimination  of  maltose,  into  achrodextriney  a  body  not 
coloured  by  iodine;  and  this  in  its  turn  is  converted,  by  a 
similar  set  of  changes,  into  other  achrodextrines,  until  at  last 
all  is  converted  into  mal  tose.  Each  of  the  dextrines  thus 
obtained  is  distinguished  from  the  preceding  by  its  specific 
rotation  being  less  marked,  whilst  its  cupric  reducing-power  in 
alkaline  solution  becomes  stronger.  ^ 

Similar  observations  have  been  made  by  Brown  and  Heron, 
who  have  fully  examined  this  question.  According  to  them 
it  appears  probable  that  the  simplest  formula  for  soluble 
starch  is  10(Cj2H2oOj^q).  From  this  molecule  one  molecule  of 
maltose  and  of  a-erythrodextrine  are  first  formed;  this  latter 
being  then  split  up,  by  absorption  of  water,  into  maltose  and 
^-erythTodextrine.  In  this  way  the  destruction  of  the  original 
starch  proceeds  with  formation  of  seven  achrodextrines  until, 
finally,  only  maltose  is  present.^  On  the  other  hand,  O'Sullivan  * 
assumes  that  in  the  action  of  diastase  upon  starch  we  have  not 
to  do  with  a  destruction  of  a  complex  molecule,  but  that  both 
starch  and  dextrine  have  the  molecular  formula  C-^2^2o*-^io'  ^'^^ 
that  the  molecules  in  solution  are  arranged  in  a  series  of  molecular 
aggregates,  some  of  which  are  split  up  by  the  action  of  diastase, 
whilst  others  again  unite  themselves  to  form  a-dextrine.  Ac- 
cording to  the   same    chemist,  soluble  starch   is   prepared   by 

^  Landw.  Versuchstatf  xxii.  69.  ^  Bull,  Soc.  ChiTJi.  xxx.  54. 

^  Contributions  to  the  history  of  starch  and  its  transformations,  Chem.  Soc. 
Journ.  1879,  i.  596. 

*  On  the  transformation  products  of  starch,  Chem.  Soc.  Journ.  1879,  i.  770. 
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heating  starch  paste  at  73-74°  C.  with  the  least  possible  quantity 
of  the  cold-water  extract  of  malt  until  the  solution  has  become 
clear,  then  heating  to  boiling,  and  filtering.  The  solution  is 
then  evaporated  until  a  skin  forms,  and  on  cooling  a  brilliant 
white  powder  separates  out,  which  may  be  purified  by  washing 
with  cold  water,  frequent  solution  in  hot  water,  filtration,  &c. 

Amylodextrine  is  a  similar  body  obtained  by  Naegeli  by 
boiling  "yellow"  starch  with  water.  On  cooling,  or  preferably 
on  freezing,  particles  having  a  diameter  of  0'035  mm.  separate 
out.  These  polarize  light  like  starch,  and  consist  of  small 
needles,  which  may  also  be  obtained  by  adding  alcohol  to  the 
aqueous  solution.  When  dried  over  sulphuric  acid  they  possess 
the  composition  C^^^^fi^-^  +  HgO,  and  they  lose  the  molecule 
of  water  at  100°.  They  are  coloured  yellow  by  iodine,  but  their 
solution  becomes  first  violet  and  then  red  in  contact  with  this 
reagent,  showing  that  two  modifications  exist,  which  can  be 
separated  by  partially  precipitating  the  coloured  solution  by 
means  of  sodium  acetate.-^ 

From  the  foregoing  it  appears  that  in  spite  of  the  numerous 
investigations  on  this  subject  we  are  still  in  doubt  as  to  the 
exact  nature  of  the  various  intermediate  products  which  make 
their  appearance  in  the  change  from  starch  to  maltose. 

Commercial  dextrine  usually  consists  mainly  of  erythrodex- 
trine,  but  contains  other  constituents  besides  this  as  well  as  starch 
and  sugar.  It  is  generally  prepared  from  potato-starch,  though 
other  cheap  starches  are  used.     It  is  prepared  in  various  ways. 

Calcined  farina  or  British  gum,  a  substance  largely  used  in 
various  manufacturing  processes  as  a  cheap  substitute  for  gum 
arable,  is  obtained  by  heating  starch  to  a  temperature  of  from 
210°  to  280" ;  the  product  prepared  at  a  low  temperature  is  less 
coloured  than  that  exposed  to  a  greater  heat,  but  the  process  is 
a  slower  one.  If  the  starch  flour  be  moistened  with  dilute  acid, 
the  change  to  dextrine  takes  place  at  from  100°  to  125°.  Most 
of  the  dextrine  in  the  market  is  now  made  by  this  process,  a 
mixture  of  nitric  and  hydrochloric  acids  being  generally  used, 
though  either  of  these  or  oxalic  acid  may  be  employed.  In- 
fusion of  malt  may  likewise  be  used  for  the  same  purpose,  but 
this  practice  is  not  so  common. 

Dextrine  is  either  a  white  or  yellowish-white  powder,  or  a 
translucent,  brittle  mass,  easily  soluble  in  water,  yielding  a  clear 
mucilage,  which  is  precipitated  by  alcohol.  This  aqueous  solution 

1  Liebig's  Ann,  cbcxiii.  218. 
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is  converted  into  maltose  in  presence  of  diastase,  this  change 
being  also  effected  on  boiling  with  dilute  acids ;  but  by  further 
action  this  changes  into  dextrose.  This  latter  can  be  reconverted 
into  an  achrodextrine  by  dissolving  the  dextrose  in  concentrated 
sulphuric  acid  and  precipitation  with  a  95  per  cent,  alcohol, 
the  dextrine  separating  out  as  a  white  amorphous  mass  readily 
soluble  in  water.  This  dextrine  possesses  twice  the  rotatory 
power  of  dextrose,  into  which  it  again  is  transformed  by  boiling 
with  dilute  sulphuric  acid.^ 

When  dextrine,  and  therefore  also  starch  and  bread,  is  roasted, 
a  soft,  amber-coloured,  soluble  body,  termed  by  E-eichenbach  ^ 
assamar,  is  formed.  According  to  Gelis  a  brown,  brittle  mass 
o£  pyrodextrine,  C^gH^^Og^,  is  formed  under  similar  circumstances.^ 

Sinistrine,  (CgH^QOg)!!,  is  a  body  resembling  dextrine,  found  in 
the  squill  (JJrginea  scilla).  It  is  Isevo-rotatory,  is  not  coloured 
by  iodine,  and  yields  Isevulose  when  boiled  with  dilute  sulphuric 
acid.^ 

Lichinine  (G^^fi^j^_  This  body,  also  known  as  moss-starch, 
occurs  in  Iceland-moss  (Cetraria  islandica).  It  is  soluble  in  hot 
w^ater,  but  separates  on  cooling  in  a  gelatinous  form.^  The 
lichen  also  contains  another  substance,  isolichinine,  soluble  in 
cold  water,  but  insoluble  in  alcohol ;  it  is  distinguished  from  the 
foregoing  compound  by  being  tinted  blue  by  iodine. ''' 


Inulin  {CQB.^fi^)n. 

863  In  1804  Valentine  Eose  ^  obtained  a  white  powder  from 
the  roots  of  elecampane  {Inula  helenium),  "  which  stands  between 
starch  and  sugar  in  its  properties."  To  this  Thomas  Thomson 
gave  the  name  of  inulin,  whilst  its  composition  was  ascertained 
by  Mulder.  This  body  appears  to  replace  starch  in  the  roots  of 
many  species  of  Compositce,  occurring  in  the  dahlia  tubers  (of 
which  as  much  as  10  per  cent,  by  weight  consists  of  inuhn) ;  in 
those  of  the  Jerusalem  artichoke  {Helianthus  hiberosus) ;  in 
the  roots  of  the  dandelion  {Taraxacum  officinale) ;  in  chicory 
{Ohicorium  intyhits).  Inulin  is  also  found  in  the  fleshy  stems 
of  different  species  of  the   Cacalia  and  Kleinia,  in  the  woody 

"■  Musculus,  Bull.  Soc.  Chim.  xviii.  68. 

2  Ann.  Chem.  Pharm.  xlix.  1.  3  ^^^^  Chim,  Phys.  [3],  lii.  388. 

*  Schmiedberg,  Hoppe-Seyler's  Zeitschr.  iii.  112. 

°  Knop  and  Schnedermann,  Ann.  Chem.  Pharm.  Iv.  165, 

^  Berg,  Jahresb.  1873,  848. 

^  Gehlen,  Jotcrn.  Chem.  iii.  217. 


INULIN  AND  Li^VULIN.  567 

stalks   of    Masscliia,   iu   the    herbaceous   stalks    of   Stylidmm 
mcffmticosum  and  Scllicra  radicans.^ 

For  the  preparation  of  inulin  the  tubers  of  dahlia  are  boiled  out 
with  water,  to  which  some  lime  is  added,  and  the  concentrated 
extract  frozen.  After  thawing,  the  brown  deposit  is  dissolved 
in  hot  water,  the  liquid  again  frozen,  and  the  operation  repeated 
three  or  four  times.  The  concentrated  mother-liquors  yield 
more  inulin.  The  powder  is  w^ashed  first  with  dilute  spirit,  then 
with  alcohol  of  93  per  cent.,  and  lastly  with  ether-alcohol,  after 
which  it  is  dried  in  vacuum  over  sulphuric  acid.^ 

Inulin  is  a  snow-white  powder  consisting  of  sphcero-crystals, 
soluble  in  hot  water,  but  ouly  slightly  so  in  cold,  and  insoluble 
in  absolute  alcohol.  It  is  very  hygroscopic,  and  when  dried 
possesses  the  composition  (CqHj^jOs)^  -h  HgO,  or  OggHggOgi.  It 
is  not  coloured  blue  by  iodine ;  its  solution  possesses  Isevo-rota- 
tory  power,  and  on  boiling  Avith  dilute  acid  it  is  transformed 
into  Igovulose ;  diastase,  however,  does  not  effect  this  change. 


LiEVULIN,  C^jH^oOs- 

864  This  compound,  which  occurs  together  with  inulin  in  the 
tuber-bearing  Synantlurece,  as  dahlia  and  Jerusalem  artichoke, 
was  first  prepared  by  Ville  and  Joulie.^  It  was  then  examined 
by  Popp,  who  classed  it  as  a  saccharose,  and  termed  it  synan- 
throse.*  Diek  and  Tollens  afterwards  determined  it-s  exact 
composition.^ 

To  prepare  this  Eubstance  the  expressed  juice  of  the  ripe 
tubers  is  precipitated  with  lead  acetate,  the  filtrate  heated  with 
sulphuretted  hydrogen,  and  the  solution  evaporated  after  neutra- 
lization with  magnesia.  Lsevulin  is  extracted  from  the  residue- 
by  boiling  dilute  alcohol,  whilst  the  inulin  remains  insolubl-e.. 
LtevuHn  is  also  found  in  the  young  rye  grain ;  it  diminishes  in 
t^uantity  as  the  corn  becomes  ripe,  whilst  the  starch  increases 

in  amount.® 

Laevuhn  is  an  amorphous  deliquescent  body,  possessing  an 
insipid  taste,  and  is  converted  on  boiling  with  dilute  acids  into 
dextrose  and  laevulose.  Its  solution  is  opticaUy  inactive,  and  it 
enters  slowly  into  fermentation  in  presence  of  yeast,  being  first 
decomposed  into  the  two  glucoses. 

i  Ann,  Chcm.  Fhar^n,  xxviii.  278.  \  Kiliani   i^.&z/'^  .i^^   ccr  H5. 

»  Bv2l.  Soc.  Chvm.  [2],  vii.  262.  *  Ann    Chcm,  Fharrn    chi.  181 

^  Ibid,  cxcviii.  228.  ''  il^^^t^.  ^'•''"^^-  ^^'''^-  1^^^^^^  ^'^■ 
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Triticin  {G-^.^22^ii)^f  ^^  ^^^  ^^  amorphous  substance,  possess- 
ing Isevo  rotatory  power  and  yielding  Isevulose  on  boiling  with 
acid.  It  is  found  together  with  invert-sugar  in  couch  grass 
{Triiicum  repcns)} 

Glycogen,  (CgHi^^OJn. 

865  This  substance,  sometimes  called  animal  starch,  was  dis- 
covered by  Claude  Bernard  in  human  liver  as  well  as  in  that  of 
graminivorous  animals.  He  gave  to  it  the  name  of  matiire 
glycog^ne,  because,  after  the  liver  is  freed  from  sugar  by  washing,  a 
substance  is  found  which  yields  sugar  with  a  ferment  also  present 
in  the  liver.^  Since  then  glycogen  has  been  shown  to  exist 
very  widely  diffused  throughout  the  animal  kingdom,  indeed  it 
appears  to  be  an  essential  accompaniment  of  cellular  growth,^ 
occurring  in  large  quantity  in  the  foetus/  It  also  occurs  in 
blood  and  muscular  tissue,^  Moreover  it  is  found  in  mollusca  ; 
thus,  dried  oysters  are  said  to  contain  as  much  as  9"5  per  cent. 
of  glycogen.^  Tliis  substance  has  also  been  detected  in  the 
vegetable  kingdom,  in  moulds  and  other  fangi.^ 

To  prepare  glycogen  the  fresh  liver  of  an  animal,  slaughtered 
soon  after  a  meal,  when  it  is  richest  in  glycogen,  is  finely  cut 
up  and  boiled  out  with  water,  and  the  extract  treated  first  with 
a  solution  of  potassium  mercury  iodide  and  afterwards  with 
hydrochloric  acid,  and  this  repeated  until  no  further  precipitate 
occurs,  in  order  to  separate  out  the  nitrogenous  materials.  The 
glycogen  is  then  precipitated  by  adding  alcohol  to  the  filtrate, 
the  powder  being  washed  with  alcohol  first  of  60  per  cent.,  then 
of  05  per  cent^  and  lastly  with  ether.**  As  boiling  water  dissolves 
glycogen  only  slowly,  it  is  preferable  to  use  caustic  potash 
solution,  and  then  to  treat  the  solution,  having  been  neutralized 
with  hydrochloric  acid,  as  above.®  The  nitrogenous  constituents 
can  be  separated  by  boiling  with  zinc  chloride,  wLen  the  glycogen 
remains  unaltered. ^^^ 

Glycogen  is  a  white  amorphous  powder  possessing,  when  dried 

1  H.  Muller,  Jahrcsh.  1873,  832. 

2  Jahresb.  1857,  552. 

3  Hoppa-Seyler,  Physial.  Ckem.  1877,  i.  82. 

*  McDonnell,  Proc.  Hoy.  Soc.  xii.  476;  xiii.  371. 

^  Nasse,  Zeits.  Physiol.  Chcm.  iii.  201. 

«  Bizio.  Zeitschr,  Chem,  1866,  222. 

7  Nature,  November  1,  1883. 

»  Brucke,  Jahresb.  1871,  843. 

®  Wittiuh,  ZeUsch.  Afial.  Ohem,  xiv.  227. 

'•  Abeles,  ZcUsch.  Anal.  Chem.  xvii.  500, 
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over  calcium  chloride,  the  composition  C^^B.^fi^^  +  H^O/  but 
losing  its  water  at  100°.^  It  dissolves  in  water,  forming  an 
opalescent  liquid,  which  becomes  colourless  on  addition  of  acetic 
acid ;  this  solution  is  powerfully  dextro-rotatory,  and  is  coloured 
wine-red  by  iodine.  On  boiling  with  dilute  hydrochloric  s  or 
sulphuric  acid,  glycogen  is  converted  into  dextrose,*  whilst,  by 
contact  with  diastase,  dextrine,  maltose,  and  dextrose  are  formed, 
these  bodies  occurring  in  the  liver  examined  after  the  rigor- 
mortis  has  occurred.^  The  dextrine  which  Limpricht  found  in 
horse-flesh  ^  was  in  all  probability  a  product  of  decomposition  of 
glycogen/ 


THE  GUMS,  (C,H,„0,).. 

866  The  substances  classed  under  the  a%ove  head  occur 
widely  distributed  throughout  the  vegetable  world,  but  seldom 
in  animal  bodies.  They  are  amorjDhous,  insoluble  in  alcohol,  but 
either  dissolve  in  water  or  swell  up  when  placed  in  this  men- 
struum. They  are  not  coloured  by  iodine,  and  when  boiled 
with  dilute  sulphuric  acid  they  are  converted  into  glucoses. 

Aralin,  or  arahic  acid,  is  the  chief  constituent  of  gum  arabic, 
which  exudes  from  the  bark  of  several  species  of  acacia  growing 
in  tropical  countries.  The  finest  specimens  of  this  gum  come 
from  Egypt  and  Senegal,  less  pure  varieties  from  Morocco  and 
the  Cape.  Gum  arabic  is  also  imported  from  Australia,  but  the 
largest  amount  comes  from  Egypt  and  the  Red  Sea  ports  on  the 
Arabian  coast,  whence  its  name. 

The  ancient  Egyptians  were  acquainted  with  this  gum  and 
termed  it  Kami,  using  it  in  painting.  Theophrastus  mentions 
that  KOfifit  is  a  product  of  a  tree  called  aKavOa,  and  Celsus  in 
the  first  century  terms  it  gummi  acanthium.  The  word  gum 
arabic  is  used  for  the  first  time  byDiodorus  Siculus  in  speaking 
of  the  products  which  had  to  pay  duty  at  the  Roman  custom- 
house in  Alexandria.  It  was  certainly  shipped  in  early  times 
from  the  Gulf  of  Aden  to  Arabia,  where  it  was  used  as  a 
medicine. 

1  Bizio,  loc.  cit.  ^  Kekule,  Jahresh.  1858,  570. 

3  Eerthelot  and  Luca,  Jahresh.  1859,  627, 

•*  Maydl.  ZciUch.  Physiol.  Chem.  iii.  196. 

^  Musculns  and  Mering,  ibid.  ii.  403. 

^  A7in.  Chem.  Pharm.  cxxxiii,  294. 

'  Demant,  Zeiisch.  Physiol.  Chem.  iii.  200. 
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The  best  Cordovan  or  Egyptian  gum  comes  into  the 
market  in  the  form  of  round  or  egg-shaped  lumps  about  the 
size  of  a  walnut.  These  are  colourless  or  slightly  yellow  and 
cracked  throughout  the  mass,  easily  breaking  in  irregular 
masses,  having  a  glassy  fracture.  The  Senegal  gum  is  found 
in  larger  masses,  which  are  less  friable  than  gum  arabic. 

Gum  arabic  leaves  on  burning  a  residue  of  abotit  3  to  4  per 
cent,  of  ash  consisting  of  the  carbonates  of  potassium,  calcium, 
and  magnesium  ;  these  metals  being  contained  in  the  gum  as 
salts  of  arabic  acid.  This  consists  at  least  of  two  varieties,  as 
solutions  of  the  different  kinds  of  gum  deviate  the  ray  of 
polarized  light  some  to  the  right  and  some  to  the  left. 

Arabic  acid  may  be  prepared  from  mucilage  by  adding  hydro- 
chloric acid  and  precipitating  with  alcohol,  dissolving  this  in 
water  containing  the  same  acid,  and  repeating  this  several  times. 
It  may  also  be  obtained  by  dialysing  the  acid  solution.  In  the 
moist  state  arabic  acid  is  a  milk-white  mass,  having  an  acid 
reaction  and  setting  free  carbon  dioxide  from  carbonates.  It  is 
soluble  in  water,  but  after  drying  it  swells  up  in  contact  with 
water,  dissolving  again  on  addition  of  lime-water  or  baryta- 
water.  An  aqueous  solution  of  pure  arabic  acid  is  not  thrown 
down  on  addition  of  alcohol  alone,  but  the  presence  of  a  few 
drops  of  hydrochloric  or  nitric  acid  or  of  a  salt  solution  occa- 
sions an  immediate  precipitate.-^  Arabin  dried  at  100°  has  the 
composition  C;^2^22*-*n'  ^^^  ^^  ^^^°  ^^  loses  one  molecule  of 
water.^ 

Silkworms  and  other  insects  contain  gum  of  a  similar 
character.^ 

Gum  arabic  is  used  for  the  same  purposes  as  dextrine,  also 
in  medicine  to  prepare  pastes  and  syrups,  and  for  a  variety  of 
purposes  in  the  arts,  for  giving  lustre  to  crape,  for  colours,  and 
in  the  preparation  of  ink,  as  holding  the  insoluble  tannate  of 
iron  in  suspension.  This  last  property  of  gum  may  be  easily 
shown  by  adding  sulphide  of  ammonium  to  a  mixture  of  gxim 
mucilage  and  a  solution  of  sugar  of  lead  ;  the  black  opaque 
liquid  does  not  deposit  a  precipitate  on  standing,  and  is  not 
decolourized  on  filtration. 

867  Metarahic  Acid,  or  Cerasin,  is  the  substance,  insoluble  in 
pure  water  but  soluble  in  alkaline  liquids,  obtained  by  heating 
gum  arabic  to  100°.     Cerasin  occurs,  together  with  arabin,  as  a 

1  Neubauer,  Ann.  C/iem.  Phami.  cii,  105,         -  Gelis,  CompL  JlencL  xliv.  lU. 
^  Ann.  Cheiii,  Fliarm.  cxi.  26. 
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lime  compound  in  the  insoluble  part  in  cherry-tree  gum,  and  also 
in  sugar-beet  and  other  fleshy  roots.  To  prepare  it  from  beetroot 
the  press-cake  is  broken,  repeatedly  extracted  with  alcohol,  the 
solution  being  each  time  expressed,  and  boiled  -with  water  to 
drive  off  the  alcohol.  On  the  addition  of  milk  of  lime,  and  on 
warming  on  the  water-bath,  the  metarabic  acid  is  converted 
into  arabin ;  the  filtrate  is  then  freed  from  lime  by  carbonic 
acid,  the  clear  liquid  evaporated  with  acetic  acid,  and  the  arabin 
precipitated  by  alcohol.  It  is  difficult  thus  to  obtain  the  arabin 
free  from  inorganic  constituents ;  to  effect  this  a  partial  pre- 
cipitation by  alcohol  must  be  made,  and  the  precipitate  allowed 
to  stand  with  the  solution,  and  in  a  few  weeks  the  whole  of  the 
mineral  matter  is  found  in  the  precipitate.^  The  arable  acid 
thus  prepared  is  more  powerfully  laevo-rotatory  than  any  other 
kind  of  gum  arable,  and  is  probably  a  pure  compound, 

Dextran,  or  fermentable  gum^  is  found  in  unripe  beetroot,^  and 
it  is  also  formed  in  the  mucic  fermentation  of  sugar,  and  in  the 
lactic  fermentation.^  Dextran  likewise  not  unfrequently  separ- 
ates out  as  a  jelly-like  body  in  the  working  of  the  beetroot- 
sugar  process,  and  is  often  found  in  considerable  quantities  in 
molasses,  from  which  it  can  be  separated  by  addition  of  water 
and  hydrochloric  acid,  and  precipitation  with  alcohol  (Scheibler). 
It  is  an  amorphous  substance,  readily  soluble  in  water,  power- 
fully dextro-rotatory,  and  slowly  yielding  dextrose  when  boiled 
with  acid. 

868  Farahin.  C-^2^22^iv  ^^  found  in  carrots  and  beetroot,  and 
in  larger  quantities  in  agar-agar,  or  Ceylon  moss,  in  a  seaweed 
{Gracilaria  lichenoides)  used  in  China  and  India  for  making 
soups,  jellies,  &c.,  and  now  seen  in  European  markets.*  The 
name  gelose^  was  given  to  this  body  by  Morin  and  Porumbaru. 
Parabin  is  also  found  in  an  edible  alga  from  Swan  River  (Gigar- 
tina  speeiosa).  It  was  formerly  thought  that  this  and  other 
algae  yielded  the  material  of  the  celebrated  Chinese  birds'  nests^ 
but  it  is  now  ascertained  that  the  swallows  themselves  secrete 
the  material  of  which  the  nests  are  made. 

To  prepare  parabin  the  beet  press-cake  is  washed  with  water 
and  spirit,  then  extracted  with  a  1  per  cent,  hydrochloric  acid, 
and  precipitated  by  alcohol.     It  is  a  powder  which  swells  up  to 

'  Scheibler,  Ber.  Deutsch.  Chem.  Ges.  vi.  612. 

2  Jb,   IVagner  Jahresh.  1875,  790.  _ 

'  Briining,  Ann.  Chem.  Fharm.  civ.  197. 

*  Keichardt,  Ber.  Deutsch,  Chem.  Ges.  viii.  807. 

5  Cowpt.  liend.  xc.  924,  1081. 
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a  jelly  in  contact  with  water,  dissolves  in  dilute  mineral  acids, 
and  is  precipitated  by  alkalis  or  alcohol.  It  is  further  dis- 
tinguished from  arabin  by  the  facts  that  it  does  not  exhibit  an 
acid  reaction,  does  not  decompose  carbonates,  and  does  not  yield 
arabinose  when  boiled  with  dilute  sulphuric  acid,  whilst  on  long 
continued  warming  with  alkalis  it  passes  into  arabin. 

869  Wood  gum.  This  substance  is  found  as  mucilage  largely 
diffused  throughout  the  vegetable  kingdom.  After  drying,  this 
gum  is  insoluble  in  cold  water  and  ammonia,  but  dissolves 
slowly  in  50  parts  of  boiling  water,  and  readily  in  caustic  soda. 
Its  alkaline  solution  exhibits  Isevo-rotatory  power.  When  boiled 
with  dilute  sulphuric  acid,  it  yields  a  glucose  possessing  copper- 
reducing  power,  but  incapable  of  entering  into  fermentation 
with  yeast.  ^ 

According  to  Singer  all  varieties  of  woods  and  woody  tissues 
also  contain  a  gum  which  is  soluble  in  water  and  resembles 
arabin.^ 

BassoTin  occurs  in  Bassora  gum,  which  is  derived  from  a 
variety  of  cactus,  in  Acajou  gum,  from  Anacardium  ocddentale, 
and  in  gum  tragacanth,  which  is  obtained  from  various  kinds  of 
astralagus,  the  gum  either  exuding  of  itself  or  after  excision. 

It  is  gathered  principally  in  Asia  Minor,  Syria,  Armenia,  Kur- 
distan, and  Persia,  and  has  been  known  from  early  times.  Theo- 
phrastus  was  acquainted  with  it,  and  Dioscorides  correctly  states 
that  it  is  derived  from  a  low  thorny  bush. 

Gum  tragacanth  occurs  in  commerce  in  yellowish-white, 
translucent,  flat  pieces,  which  usually  exhibit  on  the  surface 
rounded  protuberances,  and  this  variety  is  known  as  leaf  or 
sheet  gum  tragacanth,  whilst  the  so-called  worm  gum  tragacanth 
forms  more  or  less  thick,  vermicular  masses. 

In  addition  to  bassorin,  it  contains  arabin,  starch,  cellular 
tissue,  and  the  same  mineral  constituents  as  gum  arable.  If  it 
be  steeped  in  water,  it  swells  up  to  a  gelatinous  mass  occupying 
many  hundred  times  the  bulk  of  the  original  substance.  If  i^ 
be  allowed  to  increase  from  1,000  to  1,200  times  the  bulk,  and 
the  liquid  be  poured  off,  the  mass,  on  prolonged  agitation  with  a 
large  quantity  of  water,  becomes  thin  and  fluid,  so  that  it  will 
pass  through  a  filter ;  in  this  way  the  starch  and  the  cellular 
tissue  are  kept  back,  and  each  drop  as  it  comes  through  forms 
a  thread.     When  gum  tragacanth  is  boiled  with  dilute  alkahs 

^  Thomson,  Joitrn.  Prakt.  Cliem,  [2],  xix.  146. 
2  Monatsch.  Chem.  iii.  406. 
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it  forms    a   substance   resembling  gum  arabic,  whilst  boiling 
with  dilute  acids  transforms  it  into  a  crystallizable  sugar. 

In  early  times  the  old  Greek  and  Arabian  physicians  made 
use  of  gum  tragacanth  ;  it  is  now  employed  in  pharmacy,  and 
in  confectionery,  and  it  is  also  made  use  of  in  the  place  of  other 
gummy  matters  in  finishing  and  calico-printing,  and  also  used 
by  shoemakers. 

According  to  the  receipt  of  Gahn  the  so-called  "  Sprengkohle  " 
used  for  leading  a  crack  in  glass-working  is  prepared  as  follows : 
A  solution  of  2  5  parts  of  gum  arable  in  4  parts  of  water  is 
mixed  with  the  mucilnge  got  by  treating  1  part  of  gum  traga- 
canth with  8  parts  of  boiling  water;  a  solution  of  0  5  parts 
gum  benzoin  and  0*5  parts  storax  is  rubbed  up  in  the  smallest 
possible  quantity  of  alcohol,  and  the  whole  is  intimately  mixed 
with  from  6  to  7  parts  of  very  finely  powdered  wood  charcoal, 
and  moulded  into  rods  about  20  cm.  loner,  and  of  the  thickness 
of  an  ordinary  lead-pencil. 

870  Vegetable  mucilage,  Pai-ts  of  many  plants  give,  on  soaking 
in  cold  or  hot  water,  a  mucilaginous  liquid.  According  to  Schmidt, 
the  purified  dry  substance  has  the  composition  CqEL^oOq,^  but 
Tollens  and  Kirchner  do  not  find  this  to  be  the  case  with 
every  variety  of  vegetable  mucilage. 

Linseed  mucilage  is  obtained,  by  addition  of  hydrochloric  acid 
and  precipitation  with  alcohol,  as  a  powder  which  when  dried 
at  100°  has  the  above  composition.  On  prolonged  boiling  with 
dilute  sulphuric  acid  it  yields  a  gum  and  a  sugar,  both  of  which 
are  strongly  dextro-rotatory,  and  4  per  cent,  of  a  residue  is  left 
resembling  cellulose. 

The  mucilage  obtained  from  the  willow  weed  (Flantago 
psyllium)  has  the  composition  CggH^gOgg,  and  yields  more  sugar 
than  that  from  linseed,  and  it  gives  6'3  per  cent,  of  residue. 

Quince  mucilage  forms,  after  purification  with  hydrochloric 
acid,  alcohol,  and  ether,  a  porous  mass  having  the  formula 
CigHggOi^.  With  water  it  yields  a  gelatinous  mass,  which  is 
transformed,  on  addition  of  a  little  caustic  potash  solution,  into 
a  mucilage.  On  boiling  with  dilute  sulphuric  acid,  it  yields  a 
dextro-rotatory  sugar,  a  Isevo-rotatory  gum,  and  34  per  cent,  of 
cellulose. 

Kirchner  and  Tollens  believe  that  the  mucilages  are  com- 
pounds of  cellulose  or  another  similar  body  with  gum,  and  thnt 
the    latter,  by  the    action    of  the  acid,  is   in    part   converted 

1  Ann.  Chem.  Pharm.  li.  29.  ^  Jb.  clxiv.  205, 
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into  sugar,  the  quantity  of  which  is  increased   on    prolonged 
boiling. 

Other  vegetable  mucilages,  which,  like  those  already  de- 
scribed, are  used  for  a  variety  of  purposes  in  the  arts,  and 
especially  in  pharmacy,  occur  in  marshmallow  root  (Althcea 
officinalis)^  in  salep  (the  roots  of  various  orchids),  in  Irish- 
moss  or  rock-moss,  a  species  of  seaweed  {Chondrus  crispus), 
which  is  found  on  the  rocky  coasts  of  Europe  from  the  North 
Cape  to  Gibraltar,  and  on  the  east  coast  of  North  America. 
It  is  not  only  used  in  medicine,  but  also  for  clarifying  beer, 
in  finishing  textiles,  as  fodder,  &c. 


CELLULOSE,  (QH,,0,)„. 

871  This  compound  occurs  universally  distributed  throughout 
the  vegetable  kingdom,  forming  cell  membrane,  but  it  is  very 
seldom  found  pure,  inasmuch  as  other  substances  pass  from  the 
cells  into  the  membrane,  and  there  become  fixed.  It  is  b\iilt  up 
from  soluble  carbohydrates  contained  in  protoplasm,  and,  with 
the  exception  of  the  very  young  cellular  tissue,  always  contains 
mineral  matters.  Cotton-wool,  frequently  washed  linen,  and 
Swedish  filter-paper  consist  of  almost  pure  cellulose ;  the  last- 
named  may  be  obtained  free  from  ash  by  treatment  with  dilute 
hydrofluoric  acid.^ 

It  is  often  of  great  importance  in  the  paper  manufacture, 
and  for  other  technical  purposes,  to  separate  the  cellulose  from 
the  raw  fibre,  and  determine  its  quantity.  For  this  purpose 
Hugo  Miiller  recommends  the  following  method  as  beizig  the 
best.  Two  grams  of  the  substance  are  dried  at  110° — 115°; 
if  much  wax  or  resin  be  present  this  is  extracted  by  a  mixture 
of  benzene  and  strong  alcohol,  and  then  the  material  is  boiled 
out  a  few  times  with  water  or  very  dilute  ammonia.  The 
substance,  squeezed  as  dry  as  possible,  is  next  digested  with 
100  cbc.  of  water,  and  from  5  to  100  cbc.  of  bromine  water 
containing  4  grams  of  bromine  per  liter.  As  soon  as  the 
colour  of  the  bromine  disappears,  more  bromine  water  is  added, 
and  this  addition  is  continued  until  after  standing  for  twenty- 
four  hours  the  mixture  contains  free  bromine.  The  substance  is 
then  washed  with  water  and  heated  with  a  mixture  of  2  cbc. 

^  Fellenberg,  Jakresb.  1854,  648. 
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of  ammonia  and  500  cbc.  of  water  almost  to  the  boiling  point, 
again  washed,  and  this  successive  treatment  with  bromine  and 
ammonia  repeated  until  the  liquid  ceases  to  be  coloured  brown. 
Even  straw  and  shavings  when  thus  treated  yield  a  mass  of 
isolated  cells  resembling  paper-pulp,  which  when  washed  with 
water  and  boiling  alcohol  assumes  a  lustrous  white  appearance. 

Cellulose  is  insoluble  in  the  ordinary  solvents,  but  it  dissolves 
in  an  ammoniacal  solution  of  cupric  oxide.  This  reaction 
was  discovered  by  Schweitzer/  and  the  reagent  is  best  prepared 
by  first  precipitating  with  caustic  soda  a  solution  of  sulphate  of 
copper  to  which  sal-ammoniac  has  been  added,  preserving  the 
precipitate  under  water,  and,  when  the  reagent  is  needed, 
adding  the  hydrated  cupric  oxide  to  ammonia  so  long  as  it  dis- 
solves. The  deep  blue  solution  dissolves  cottoa-wool  freely.^  The 
mucilaginous  fluid  may  be  filtered  after  dilution.  On  addition 
of  an  acid,  the  cellulose  is  precipitated  as  a  gelatinous  mass 
resembling  alumina,  and  on  drying  forms  a  horny,  brownish-grey 
mass. 

Cellulose  resists  the  action  of  most  reagents ;  thus  it  is  not 
attacked  in  the  cold  by  a  mixture  of  potassium  chlorate  and 
dilute  nitric  acid,  which  soon  destroys  most  other  organic  bodies. 
It  is  thus  possible  to  purify  crude  cellulose,^  though  the  use  of 
bromine  water  is  preferable.  Chlorine  or  bleaching  powder 
destroys  it,  however,  after  some  time.  For  this  reason  paper 
sometimes  becomes  friable  when  the  pulp,  bleached  with 
chlorine,  has  not  been  thoroughly  washed.  Ozone  and  hydrogen 
dioxide  in  presence  of  water  act  similarly,  as  indeed  do  certain 
metallic  oxides,  though  in  less  degree  Thus  the  injury  done 
to  linen  by  rust  stains  is  well  known.  A  similar  slow  deteriora- 
tion in  the  strength  of  the  fibre  takes  place  in  paper  and  cloth 
of  pure  cellulose  after  lapse  of  years  by  the  action  of  the  air.  A 
remarkable  decomposition  of  cellulose  is  that  caused  by  a  fer- 
ment contained  in  sewage  deposit,  and  also  present  in  ail  fertile 
soil,  by  which  cellulose  is  decomposed  into  carbon  dioxide  and 
marsh  gas.^  This  fermentive  decomposition  of  cellulose  must 
play  an  important  part  in  the  destruction  of  woody  fibre  on 
those  portions  of  the  earth's  surfaces  where  the  lange  of 
temperature  is  such  as  to  permit  its  action. 

^  Jahresh.  1857,  247.  ^  Neubauer,  Fresenius'  Zeitsclir.  siv.  196. 

a  Schulze.  Jahresh.  1857,  491.  ,         .  .,         . 

♦  Hoppe-Seyler,  Ber.  Dmisch.   Chem.   Ges,   xvi     122;  H.   Jappemer,  tb.    xvi, 

1734. 
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872  Hitvius.  As  forming  intermediate  links  in  the  chain  from 
cellulose  to  the  two  products  above  mentioned^  come  the  brown 
or  black  substances  to  which  the  name  of  humus  has  been  given, 
found  in  vegetable  mould,  peat,  and  rotten  wood.  These  bodies, 
or  similar  ones,  are  produced  when  carbohydrates  are  acted 
upon  by  mineral  acids  or  by  alkalis  :  they  are  insoluble  in  acids, 
but  dissolve  in  alkalis.^ 

Hydrocellulose.  When  cellulose  is  brought  into  sulphuric  acid  of 
specific  gravity  1'42,  or  into  hydroclilor^c  acid  of  specific  gravity 
1'16,  it  undergoes  scarcely  any  visible  alteration,  but  after  a  tiuje 
it  becomes  friable,  being  converted  into  hydrocellulose,  G^gHgoOji^ 
a  body  likewise  obtained  by  the  action  of  the  gaseous  hydracids 
of  chlorine,  bromine,  and  iodine  on  cellulose.  This  substance 
is  also  formed  when  cellulose  is  moistened  with  any  dilute 
mineral  acid  and  then  dried.  It  is  soluble  in  warm  potash-]ye, 
and  is  easily  oxidized,  absorbing  oxygen  at  as  low  a  temperature 
as  50°.2 

This  last  reaction  is  employed  for  the  purpose  of  removing 
the  cotton  fibre  from  mixed  goods,  the  wool,  which  is  unacted 
upon,  being  worked  up  for  shoddy. 

Cellulose  dissolves  in  concentrated  sulphuric  acid,  an  acid 
termed  cellulose-sulphuric  acid  being  said  to  be  formed,  though 
Fehling  states  that  this  is  a  mixture.^  If  this  solution  be 
diluted  with  water  and  boiled,  dextrine  and  dextrose  are  formed.^ 
Hence  sugar,  and  therefore  alcohol,  can  be  prepared  from  rags 
or  sawdust. 

873  Amyloid  and  Parchment  Paper.  Cellulose  also  dissolves 
in  chlorsulphuric  acid,  the  same  products  being  formed  as 
from  dextrose.  If  1  part  of  cotton-wool  be  dissolved  in 
a  mixture  of  24?  parts  of  sulphuric  acid  and  6  parts  of 
water,  a  gelatinous  precipitate  of  amyloid  is  thrown  down  on 
addition  of  more  water.  This  body  forms  the  outer  cover- 
ing of  the  well  known  parchment  paper  now  so  largely  used 
in  place  of  animal  membranes.^  According  to  Gaine,  parchment 
paper  is  best  prepared  by  dipping  unsized  paper  for  a  few 
seconds  into  a  cold  mixture  of  two  volumes  of  sulphuric  acid 

^  Mulder,  Ann.  Chem.  Pharm,  xxvi.  243  ;  Peligot,  ih.  xxx.  79  ;  Stein,  ih. 
XXX.  84  ;  Gregory,  Ann.  Chem.  Pharm.  Ixi.  365  ;  Berzelius,  Pogg.  Ann,  xxix. 
3  and  238  ;  Lefort,  JBuU.  Soc.  Chim.  [2],  viii.  373  ;  Detmer,  Amer.  CMm.  iii. 
302  ;  Thenard,  Comp.  Pi^end.  Ixxxiii.  375. 

-  Girard.  ^m/Z.  Soc.  Ghiin.  xxvi.  190;  xxxiv.  407. 

^  Ann.  Clwm.  PJutrni,  liii.  135.  *  Bechamp,  ib.  c.  367. 

■■^  Ferwer,  Jahrcsh.  1861,  933. 
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and  one  volume  of  water,  and  then  washing  first  with  water, 
then  with  dilute  ammonia,  and  lastly,  again  with  water.i  Parch- 
ment paper  can  also  be  made  by  dipping  paper  into  a 
concentrated  solution  of  zinc  chloride.^ 

Amyloid,  like  starch,  is  coloured  blue  by  iodine,  but  the 
colour  disappears  soon  by  the  action  of  water.  A  reagent  by 
which  the  cellulose  of  plants  is  coloured  blue  consists  of  a  solu- 
tion of  zinc  chloride,  of  specific  gravity  1-8,  to  100  cbc.  of  which 
six  grams  of  potassium  iodide  and  as  much  iodine  as  will  dis- 
solve has  been  added.  Cellulose  is  distinguished  from  starch 
by  its  solubility  in  Schweitzer's  reagent  in  which  starch  does  not 
dissolve.  Silk  also  dissolves  in  the  above-named  reagent  and 
also  in  an  ammoniacal  solution  of  nickel  oxide,  which  does  not 
act  upon  cellulose,  but  this  latter  body  is  not  attacked  by  dilute 
acids,  which  easily  dissolve  both  wool  and  silk.  If  a  piece  of 
mixed  goods  is  moistened  with  dilute  hydrochloric  acid  and  then 
allowed  to  dry,  the  woollen  and  silk  fibres  are  not  attacked, 
whereas  the  cotton-thread  is  disintegrated.  Cotton-wool  heated 
with  concentrated  potash  to  160°  dissolves,  and  the  solution  on 
acidulation  yields  a  precipitate  which  possesses  the  composition 
of  cellulose,  but  is  readily  soluble  in  alkalies.  Concentrated 
caustic-lye  also  acts  in  the  cold  on  cotton-wool,  contracting  and 
thickening  the  fibres.  If  caustic  soda-lye  of  a  strength  not 
less  than  specific  gravity  1*342  be  used,  a  compound 
^12-^10^10  +  NaOH,  is  formed,  and  caustic  potash  yields  a 
similar  compound;  both  these  ai'e  decomposed  by  carbon 
dioxide.  ^ 


Ethereal  Salts  of  Cellulose. 

874  Nitrates  of  Cellulose  or  Gun-Cotton.  Pelouze  was  the  first  to 
observe,  in  1838,  that  when  concentrated  nitric  acid  is  allowed  to 
act  upon  starch-flour,  paper,  linen,  or  cotton-wool,  the  cellulose 
is  converted  into  an  explosive  substance  which  he  supposed  to  be 
identical  with  Braconnot's  xyloidin,  and  this  view  was  generally 
accepted  until  Schonbein,  in  1846,  announced  his  discovery  of 
an  explosive  cotton  which  could  be  used  instead  of  gunpowder, 
and  which  was  analysed  by  Walter  Crum.*  Schonbein  kept  his 
process  secret,  but  it  was  soon  discovered  by  Bottger  and  Otto, 

1  Jahresh.  1858,  668.  -  Taylor,  Journ.  Soc.  Arts,  1859,  351. 

3  Gladstone,  Chem.  Soc,  Journ,  v.  17.  *  Fhil,  Mag.  [3],  xxix.  426, 
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and  published  by  the  last-named  chemist;  who  prepared  gun- 
cotton  by  dipping  cotton-wool  into  the  strongest  nitric  acid  and 
wasliing  the  product  with  water.  The  publication  of  the  process 
led  many  chemists  and  a  still  larger  number  of  amateurs  to 
experiment  with  this  remarkable  substance. ■•■ 

MamvfactxiTG.  Knop  showed  that  a  mixture  of  sulphuric  and 
nitric  acids  answered  better  than  the  latter  acid  alone,  and  the  new 
explosive  was  manufactured  on  a  large  scale,  but  the  results  were 
not  satisfactory,  inasmuch  as  the  product  could  not  be  kept  for 
any  length  of  time,  and  decomposed  sometimes  slowly  and  some- 
times so  rapidly  as  to  give  rise  to  violent  explosions.  Thus,  on 
July  17,  1848,  a  frightful  explosion  of  16,000  kilos,  of  gun-cotton 
took  place  at  Bouchet  in  France,  walls  of  one  metre  in  thick- 
ness being  pulverised  and  heavy  objects  projected  to  great 
distances,^  whilst  similar  explosions  occurred  at  Faversham  and 
other  places.  The  manufacture  of  gun-cotton  was,  in  consequence, 
almost  entirely  abandoned,  and  few  had  tlie  temerity  to  believe 
that  it  had  a  future  as  an  explosive.  Of  these  few  one  was 
the  Austrian  artillery  general,  von  Lenk,  and  another.  Sir 
Frederick  Abel,  chemist  to  the  English  War  Office.  It  is  to 
the  perseverance  and  ability  of  these  two  gentlemen,  who  worked 
independently  of  one  another,  that  we  owe  the  discovery  of  a 
process  by  which  a  perfectly  unalterable  gun-cotton  of  con- 
stant composition  can  be  prepared,  and  a  powerful  explosive  is 
obtained  which  is  far  less  dangerous  to  handle  than  gunpowder. 

In  the  first  place,  the  cotton-wool  must  be  thoroughly  freed 
from  fatty  or  waxy  matter  by  treatment  with  alkali.  Lenk 
dips  the  loosely-spun  cotton  yarn  into  a  boiling  dilute  solution 
of  carbonate  of  potash,  washes  well  Avith  water,  and  dries.  Then 
he  brings  it  into  300  times  its  weight  of  a  mixture  of  1  part  of 
nitric  acid  of  specific  gravity  1*485  and  3  parts  of  sulphuric 
acid  of  specific  gravity  1*84,  allows  it  to  remain  in  for  a  few 
minutes,  then  takes  it  out,  presses  it,  and  throws  it  into  another 
similar  mixture  of  acids  where  it  is  allowed  to  remain  for  forty- 
eight  hours.  It  is  then  squeezed  out  and  well  washed  in  running 
water,  dipped  into  a  boiling  solution  of  carbonate  of  potash,  and 
again  washed  with  water.^      Further  important  improvements 

'  For  the  literature  of  the  subject  see  Schbnbeiu,  **  On  the  Discovery  of  Gun- 
cotton,"  Fhil.  Mag.  [3],  xxxi.  7  ;  also  Jahresb.  1847  and  1849,  p.  1128  ;  Journ, 
IPrakt  Chem,  si.  193  ;  Pogg.  Ann.  Ixx.  320, 

"  Comptcs  Rend,  xxviii.  345.  • 

3  "  Report  on  the  Application  of  Gun-cotton  to  Warlike  Purposes,  "i?ri^.  Assoc. 
Heports,  1863,  p.  1;  and  on  p.  8,  "System  of  Manufacture  of  Gun-cotton  as 
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iu  the  manufactuie  of  gun-cotton  were  made  by  Abel.  His 
process  consists  in  bringing  the  purified,  well-dried,  unspun 
cotton-wool  into  a  mixture  of  10  parts  of  a  mixture  of  1 
part  of  nitric  acid  of  specific  gravity  1-5  and  3  parts  sulphuric 
acid  of  specific  gravity  1*85,  and  leaving  it  twenty-four  hours 
iu  contact  with  the  acid.  After  washing,  the  wool  is  placed  in 
a  ^\'ashing  engine,  such  as  is  used  in  paper  manufacture,  and 
the  pulped  and  washed  mass  pressed  into  cylinders.^ 

875  Properties.     The  formula  for  gun-cotton  thus  prepared 
is    Ci2H;^^(^' 03)^0^0,  or   a   hexnitrate   of   cellulose.      This   was 
first  ascertained  by  Walter  Crum.2     The  gun-cotton  prepared 
from   raw   cotton   is   scarcely   to    be    distinguished   from   this 
latter    substance    in    appearance,    though    it    has    rather    a 
rougher    touch ;    it    becomes   powerfully   electric   on   rubbing, 
crackling  and  phosphorescing,  and  emitting  sparks  in  the  dark. 
It  does  not  yield  the  reaction  for  amyloid  with  iodine,  and  is 
insoluble  in  Schweitzer's  reagent.     On  ignition  it  burns  very 
rapidly,  and,    unhke  powder,   leaves  no  residue.      Abel's  gun- 
cotton  may  be  burnt  on  the  hand  without  scorching  the  skin, 
and  when  placed  on  some  gunpowder  it  may  be   fired  without 
igniting  the  powder.     Lenk's  cotton  does  not  burn  so  quietly, 
and  when  pressed  or  tightly  spun  it  burns  more  slowly.     Abel's 
compressed  gun-cotton  burns  quietly  on  ignition   with  a  large 
flame.     It  remains  unaltered  iu  contact  with  water,  and  as  it  is 
not  explosive  when  wet,  it  can  be  preserved  or  worked  in  this 
state  without  danger.     A  gun-cotton  cartridge,  well  moistened 
throughout  its  mass,  may  have  a  hole  bored  through  it  with  a 
red-hot  iron  with  as  little  danger  as  a  piece  of  wood.     To  prove 
the  harmless  nature  of  wet  gun-cotton  the  War  Department  made 
the  following  experiment :  Two  massive  erections  of  stone  were 
built,  and  in  each  of  these  was  placed  a  ton  of  the  moist  com- 
pressed gun-cotton  on  iron   plates ;    the  buildings  were  filled 
with  combustible    materials,   which   were    then    fired.      After 
lapse  of  a  couple  of  hours  the  fire  had  burnt  cut,  the  two  iron 
plates  were  found  to  be  bent  by  the  heat,   but  no  explosion 
whatever  occurred,  for  the  gun-cotton,  having  been  gradually 
dried,  burnt  quietly. 


carried  on  ia  the  Imperial  Auytriau  Establishment,''  hy  F.  A.  Abel,  Brit,  Assoc. 
Meports,  1863. 

^  Chem.  News,  xxiv.  241  ;  see  also  Abel,  Clicm.  Kcws^  ix.  254,  268,  284  ;  and 
Abel,  "Contributions  to  the  History  of  Explosive  Agents,"  Fhil.  Trans.  'i^QQ, 
269  ;  1867,  181  ;  1869,  489  ;  1874,  337.  ^  pi^n  ji/^g^  j-3]^  xxx.  426. 
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Gun-cotton  explodes  on  percussion,  and  the  more  readily  tlie 
more  it  has  heen  previously  compressed,  but  the  explosion  is 
much  more  violent  when  it  is  induced  by  a  detonation  of  ful- 
minating mercury.  To  give  an  idea  of  the  force  of  such  an 
explosion  it  may  be  sufficient  to  state  that  120  grams  (4  ounces) 
of  compressed  gun-cotton  fired  with  a  detonating  fuse  (Abers) 
against  an  ordinary  steel  railway  rail  breaks  it  to  pieces.  Certain 
of  the  old  martello  towers  built  on  the  south  coast  near  Rye,  with 
walls  2  to  3"7  metres  thick,  were  utterly  destroyed  by  exploding 
200  pounds  of  gun-cotton  as  described.  Abel  has  proved,  by  means 
of  a  chronoscope,  that  the  rate  of  propagation  of  the  detonation 
in  the  interior  of  a  mass  of  compressed  gun-cotton  takes  place 
at  the  rate  of  5,200  to  5,900  metres  per  second.  Moist  gun- 
cotton  may  be  made  to  explode  even  more  violently  than  the 
dry  material.  For  this  purpose  a  hole  is  bored  in  tlie  centre  of 
the  moist  cartridge,  and  this  filled  with  dry  gun-cotton,  and  in 
the  centre  of  this  is  placed  a  fulminating  fuse.  Gun-cotton  is 
largely  used  for  filling  torpedoes,  but  it  is  not  so  much  employed 
for  shells,  as,  owing  to  the  fact  that  it  burns  without  smoke,  the 
spot  at  which  the  shell  bursts  cannot  be  seen  at  a  distance  ;  nor 
has  it  been  largely  applied  for  gunnery  purposes  in  place  of 
*;'nnpowder.  It  is,  however,  to  use  the  expression  of  the  Royal 
Commission  which  was  appointed  to  investigate  the  subject, 
a  powerful,  reliable,  safe,  portable,  and  convenient  explosive, 
especially  valuable  for  submarine  operations. 

Gun-cotton  is  also  useful  in  the  laboratory  for  filtering  solu- 
tions of  potassium  permanganate  or  other  strongly  oxidizing 
liquids. 

The  products  of  combustion  of  gun-cotton,  as  is  the  case 
with  those  of  gunpowder,  dififer  both  in  quality  and  quantity 
according  to  the  conditions  under  which  it  is  fired.  They  con- 
sist of  nitrogen,  nitric  oxide,  carbon  monoxide,  carbon  dioxide, 
marsh  gas  and  other  hydrocarbons,  and  aqueous  vapour,  but 
when  ignited  under  pressure  they  contain  no  nitric  oxide,  but 
free  hydrogen  is  present.^  Cyanogen  and  hydrocyanic  acid  have 
also  been  detected,^  This  last  product  occurs  together  with 
nitrogen  trioxide  only  when  the  gun-cotton  is  burnt  slowly  under 
diminished  pressure  (Abel). 

Although  properly  prepared  gun-cotton  may  be  preserved  for 

^  V.  Kdrolyi,  Pogfj.  Ann.  cxviii.  544  ;  Abel,  Proc.  Poy,  Soc.  xiii.  204. 
^  Porrnttand  Tuschomacbcr,  Mfim.Chem.  Soc.  iii.  258  ;  Fnrdos  and  Gelis,  Comp. 
Head.  xiii.  982. 
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years  both  in  the  dry  and  in  the  moist  state  -without  under- 
going deterioration,  the  material,  if  containing  even  a  trace  of 
free  acid,  decomposes  on  standing  with  a  greater  or  less  degree 
of  rapidity,  red  nitrous  fumes  and  carbon  dioxide  being  given 
off,  and  formic  and  oxalic  acids,  together  with  other  products, 
being  produced.^  Large  masses  of  insufficiently  washed  gun- 
cotton  when  stored  may  evolve  heat  enough  on  decomposition 
to  bring  about  an  explosion.  Such  an  explosion  occurred  at 
Stowmarket  in  1871,  and  on  investigation  it  was  ascertained 
that  some  of  the  stock  of  gun-cotton  contained  acid,  owing  either 
to  insufficient  washing  or  to  the  felonious  addition  of  acid  to 
the  properly  washed  gun-cotton, 

876  Collodion,  Soon  after  the  discovery  of  gun-cotton,  Messrs 
Maynard  and  Begelow,  as  well  as  MM.  Menard  and  Domonte,^ 
observed  that  this  body,  prepared  by  a  certain  process,  dissolves 
in  a  mixture  of  alcohol  and  ether,  and  it  was  not  long  before 
this  solution  was  employed  in  America  for  a  variety  of  purposes. 
Jt  was  then  proved  that  the  hexnitrate  is  insoluble  in  the  above 
reagents,  whilst  the  lower  nitrates  dissolve.  These  latter  are 
obtained  by  allowing  the  acid  to  act  on  the  cotton  fibre  for  a 
shorter  time,  and  by  the  above-mentioned  reaction  may  be 
separated  from  the  hexnitrate,  which  is  insoluble  in  a  mixture 
of  ether  and  alcohol,  methyl  alcohol,  glacial  acetic  acid,  and  ethyl 
acetate,  but  forms  a  jelly  with  acetone,  and  dissolves  in  a  large 
volume  of  this  liquid.^ 

When  cotton-wool  is  treated  with  mixed  acids  only  for  a  few 
minutes,  the  tetranitrate,  0-^^-^Q(J^O^fi^Q,  and  the  trinitrate, 
^12^17(^^3)3^10'  ^^®  formed,  the  action  of  somewhat  less  con- 
centrated acids  for  a  longer  period  producing  the  same  result. 
These  compounds  dissolve  in  a  mixture  of  alcohol  and  ether,  in 
methyl  alcohol,  and  in  acetic  ether.  The  trinitrate  also  dissolves 
slowly  in  absolute  alcohol,  whilst  the  tetranitrate  does  not;  it  is, 
however,  not  possible  in  this  way  to  effect  a  complete  separation 
of  the  two  compounds  (Eder). 

Cellulose  Dinitrate,  G^^^^Q^O^fi^^,  is  formed  as  the  first 
product  of  the  action  of  the  hot  dilute  mixture  of  acids  upon 
cotton-wool,  or  as  the  last  product  of  the  action  of  caustic  potash 
or  ammonia  on  the  alcoholic  and  ethereal  solution  of  the  higher 

1  Hofmann,  Jour.  Chem.  Soc.  xiii.  76,  282;  Bouet,  Comp.  Mend.  liii.  405; 
Luca,  ib,  liii.  298,  '^-Compt.  Rend,  xxiv.  390. 

=*  Eder,  Ber.  Dcutsch.  Chem.  Ges.  xiii.  169,  where  an  account  of  the  literature 
of  the  subiect  from  1862  is  to  be  found. 
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nitrates.  It  is  a  flocculent  powder  or  a  transparent  gum-like 
mass,  easily  soluble  in  the  above-named  solvents  with  the  ex- 
ception of  pure  ether.  It  also  dissolves  in  caustic  potash-lye, 
but  this  solution  readily  undergoes  decomposition  with  produc- 
tion of  a  brown,  gummy  mass,  the  mononitrate  not  being  formed. 
According  to  Girard,  hydrocellulose  yields  a  very  explosive 
hexnitrate,  soluble  in  ether-alcohol. 

The  application  of  the  sensitised  collodion  film  to  photographic 
purposes  was  made  by  Scott  Archer,  with  whom  Dr.  Hugh 
Diamond  was  associated  in  1851. 

The  following  is  the  method  of  making  pyroxyline  prescribed 
by  Hardwich,  who  was  the  first  to  thoroughly  investigate  the 
manufacture  of  pyroxyline  fit  for  the  manufacture  of  collodion : 

A  mixture  of 

500  cbc.  of  sulphuric  acid,  sp.  gr.  1'842 
1GG*6  cbc.  of  nitric  acid,  sp.  gr.  1'456 
145"7  cbc.  of  water 

is  made  by  mixing  the  nitric  acid  and  water,  and  afterwards 
adding  the  sulphuric  acid.  The  temperature  is  then  allowed  to 
cool  to  (5o°,  and  a  dozen  balls  of  cleaned  and  dried  cotton-wool, 
each  weighing  about  1'5  gram,  separately  immersed  in  the 
liquid,  and,  after  thoroughly  soaking,  allowed  to  remain  at  the 
bottom  of  the  vessel.  This  immersion  should  be  rapidly  carried 
out,  otherwise  decomposition  may  take  place,  and  the  whole  of 
the  cotton  may  dissolve  with  the  evolution  of  nitrous  fumes. 
The  balls  must  be  left  in  the  acid  from  ten  minutes  to  a  quarter 
of  an  hour,  and  they  are  then  ready  for  washing,  which  must  be 
completely  done,  best  in  running  water.  Several  other  formulae 
have  been  given  for  the  preparation  of  pyroxyline,  and  many 
recipes  for  making  collodion,  differing  in  the  relative  quantity 
of  alcohol  and  ether  used  as  a  solvent.  Hardwich  uses  12 
to  14  grams  of  pyroxyHne,  and  450  cbc.  cf  alcohol,  specific 
gravity  0'82,  and  550  cbc.  of  ether,  specific  gravity  0725.^ 

The  chief  use  of  collodion  is  for  preparing  sensitive  photo- 
graphic films,  but  it  is  also  used  in  surgery,  for  making  small 
balloons,  &c. 

All  the  nitrates  of  cellulose  give  up  nitric  acid  when  treated 
with  alkalis,  and  concentrated  sulphuric  acid  displaces  the  nitric 
acid  almost  completely  even  in  the  cold.  The  nitrates  are  also 
converted  into  cellulose  by  the  action  of  reducing  agents  such  as 

^  For  further  information  consult  Abney's  Treatise  on  Photography,  Longmans. 
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ferrous  acetate,  potassium  hydrosulphide,  or  a  solution  of 
stannous  oxide  in  caustic  soda.  The  same  change  occurs  "when 
the  nitrate  is  boiled  with  ferrous  sulphate  and  hydrochloric  acid, 
the  "whole  of  the  nitrogen  escaping  as  nitric  oxide,  air  being 
excluded,  and  this  reaction  can  be  used  as  a  ready  means  of 
determining  the  amount  of  nitration  of  a  pyroxylin  (Eder). 

CioHi,(NO,)60,o  4-  30HC1  +  SOFeSO,  = 
CistlsoOio  +  I2H2O  +  6N0  +  lOFe^CSOJs  +  5Fe2CV 

Acetates  of  Cellulose.  When  filter-paper  or  cotton-wool  is 
heated  to  180°  with  six  to  eight  times  its  weight  of  acetic 
anhydride,  cellulose  hexacetate,  G^QH.^^{C2^fi2)Q^iQ'  ^^  formed  ; 
this  compound  separating  out  as  a  white,  flocculent  mass  on 
addition  of  water.  It  is  soluble  in  glacial  acetic  acid,  being 
precipitated  by  alkalis  as  structureless  cellulose.  If  a  smaller 
amount  of  acetic  anhydride  is  employed,  lower  acetates  are 
formed. 

Woody  Fibrk  or  Lignin. 

877  During  the  processes  of  plant-growth  certain  of  the  cell 
membranes  retain  their  primitive  composition,  whilst  others 
undergo  a  change  known  as  lignification.  The  tissue  thus 
becomes  hard,  woody,  and  less  tough,  but  does  not  lose  its 
power  of  permeability  to  liquids.  The  substance  thus  formed, 
termed  lignin,  has  not  yet  been  obtained  in  the  pure  state.^ 
It  forms  about  balf  the  weight  of  ordinary  wood,  and  as  we 
know  the  composition  of  wood,  and  can  ascertain  the  relative 
amounts  of  cellulose  and  lignin  which  wood  contains,  it  is 
possible  to  arrive  at  the  composition  of  lignin.  Schulze  has 
proposed  the  formula  C^gH^^fi^^,^  but  Sachsse  gives  the  formula 
C  H  O^Q.^  As  wood  does  not  give,  like  cellulose,  the  amyloid 
reaction,  and  does  not  dissolve  in  Schweitzer's  solution,  it  has 
been  assumed  that  the  cellulose  and  lignin  are  combined 
together  in  the  woody  fibre,  and  for  this  supposed  compound  the 
name  of  lignose  has  been  proposed. 

According  to  Erdmann,  pine-wood  (Piivits  alies)  consists  of 
glucolifjnose^,^,^^^.  which  can  be  obtained  pure  by  extracting 
the  finely  rasped  wood  with  very  dilute  acetic  acid,  hot  water, 

1  Payen,  Compt.  Rend.  viii.  51 ;  xlviii.  210. 

2  Ckevi.  Centralhl.  1857,  321. 

8  Cliem.  FarbstoffCy  Kohleuhydraic,  &c. 
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alcohol,  and  ether.  The  yellowish-white  residue  yields  traces 
of  cellulose  when  treated  with  cupric-oxide-ammonia.  When 
boiled  with  dilute  hydrochloric  acid,  grape  sugar  is  formed  and 
glucolignose  remains. 

CjoH^^O,,  +  2H,0  =  G,,U,fi,,  +  2CgHj,08. 

Glucolignose  does  not  dissolve  in  Schweitzer's  reagent,  but, 
when  boiled  with  very  dilute  nitric  acid,  cellulose  is  formed, 
together  with  other  bodies  not  yet  investigated,  but  which 
probably  belong  to  the  aromatic  series.^  Hence  Erdmann  con- 
siders glucolignose  to  be  an  ether  of  lignose  containing  together 
with  the  cellulose  group  a  sugar-forming  and  an  aromatic  group. 
Bente  has  confirmed  the  above  composition  for  pine-wood,  and 
shown  that  the  same  substance  exists  in  the  wood  of  the  poplar, 
but  differs  from  Erdmann  as  to  the  proportion  of  grape-sugar 
formed.^  Singer,  who  has  also  investigated  this  subject,  has 
arrived  at  the  conclusion  that  lignin  is  a  -mixture  of  various 
compounds.^  Jute  fibre  has  been  subjected  to  careful  examina- 
tion by  Bevan  and  Cross,*  who  have  shown  that,  together  with 
about  70  to  72  per  cent,  of  cellulose,  it  contains  a  considerable 
quantity  of  an  incrusting  substance  belonging  to  the  aromatic 
series  of  compounds.  Runge  observed  many  years  ago  that  pine- 
wood  was  stained  yellow  by  aniline  in  presence  of  an  acid,  and 
Hofmann  found  that  salts  of  other  amido-bases  act  in  a  similar 
way.  Wiesner  next  pointed  out  that  the  process  of  lignification 
can  be  detected  by  this  reaction,  and  that  aniline  sulphate,  now 
generally  used  in  micro-chemical  work,  serves  best  for  this 
purpose.  A  more  delicate  reagent  for  lignified  tissue,  accord- 
ingly to  Wiesner,  is  phloro-giucin,  CgHgOg,  a  compound  which 
frequently  occurs  in  the  vegetable  kingdom,  and  which  gives  rise 
to  an  intense  red  colour  when  the  tissue  is  moistened  with  a 
5  per  cent,  solution  and  afterwards  with  hydrochloric  acid.^  If 
phenol,  CgHgO,  be  employed  instead  of  phloro-giucin,  the 
lignified  tissue  becomes  bluish-green  or  bright  blue  on  exposure 
to  sunlight,  and  especially  when  dried.^  According  to  Singer, 
all  these  colorations  are  produced  by  aromatic  substances 
contained  in  the  wood. 


^  Julius  Eadmann,  Ann.  Cliem.  Fharvu  Suppl.  v.  223. 

^  Ber.  Deutsch.  Chem.  Gcs.  viii.  476. 

3  Monaisch.  d.  Chem.  iii.  395. 

^  Chemical  yews,  xlii.  77,  91  ;  xliv.  64  ;  Jour7i.  Chem.  Soc.  1883,  i.  18. 

"  Dingier,  Polyt.  Journ.  ccxxvii.  397. 

«  V.  Hohiiel,  Sitzicngsh.   Wien.  Akad.  1877,  39. 
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878  Corh  cT  Guticular  Suhstances.  The  process  of  cuticulariza- 
tion  takes  place  on  the  outer  cells  or  those  lying  near  the 
surface,  which  thus  become  more  elastic  and  more  difficiiltly 
penetrated  by  gases,  as  well  as  water  and  other  liquids.  Cork  is 
formed  by  the  continued  formation  of  such  cells,  and  is  found 
in  largest  quantities  in  the  outer  bark  of  the  Quercus  mher,i\\Q 
cork  tree  growing  to  the  height  of  thirty  or  forty  feet  in  the 
south  of  Europe,  Africa,  and  the  East.  In  addition  to  this 
modified  form  of  cellulose  which  constitutes  the  greatest 
part  of  the  cork,  a  waxy  and  resinous  mass  termed  suberine 
is  present  which  can  be  dissolved  out  by  alcohol  and  ether,  and 
which  can  be  obtained  in  the  crystalline  form.^  Analysis  shows 
that  this  substance  belonsjs  to  the  aromatic  series,  but  it  has 
not  been  more  closely  examined.  Cork  contains  more  carbon 
and  more  hydrogen  than  ligniuj  and  in  addition  some  nitrogen. 
On  oxidation  with  nitric  acid^  cork  yields  oxalic,  suberic,  and 
azelaic  acids.  In  order  to  make  corks  air-tight,  it  is  usual  to 
plunge  them,  after  drying,  into  melted  paraffin,  and  thus  treated 
they  resist  the  action  of  chlorine  and  acids  more  perfectly. 

The  following  words  of  Liebig  point  out  the  value  of  cork 
to  the  chemist :  2  "  What  precious  properties  are  conbined  in 
cork  !  How  little  can  any  but  chemists  appreciate  its  value 
and  recognize  its  good  qualities.  We  might  rack  our  brains 
in  vain  in  the  hope  of  replacing  cork,  as  the  ordinary  means 
of  closing  bottles,  by  any  other  substance  whatever.  Let  us 
imagiue  a  soft,  highly  elastic  mass  which  Nature  herself  has 
inpregnated  with  a  matter  having  properties  resembling  wax, 
tallow,  resin,  yet  dissimilar  to  all  these  and  termed  suberine. 
This  renders  it  perfectly  impermeable  to  fluids  and  even 
to  gases." 

The  Technical  Uses  of  Cellulose. 

879  The  most  important  uses  of  cellulose  in  the  arts  and 
manufactures  are  fir  spinning  and  weaving  and  for  paper 
making.  Cotton-wool  has  been  employed  from  the  earliest 
times  for  the  manufacture  of  textile  fabrics  in  all  those  countries 
in  both  hemispheres  where  the  cotton  plant  is  indigenous,  and 
at  the  present  time  the  cotton  plant  is  largely  grown  through- 
out  the   world   in    a    zone    limited    to    thirty-six    degrees,  of 

1  Chevreul,  Ann.  Chcm.  xcvi.   170  ;  Popping,  Amu  Chcm,  Fharm.  iLv.  29a;, 
Siiibert,  Jottrn.  Prack,  Chcm.  civ.  118L 
-  Familiar  Letters  of  Chcmistri/,  p.  124. 
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north  and  of  south  latitude.  The  cotton  plant  of  commercial 
importance  is  of  two  typical  lands,  the  Indian  or  Oriental 
{Gossijpmm  herhaceum),  and  the  American  or  Occidental 
{G.  harhadcnce  and  G.  hirsictum).  The  cultivated  cotton  is 
naturally  perennial,  or  has  become  so.  The  cotton  is  contained 
in  the  pod  or  boll,  which  is  filled  with  a  mass  of  fine  fibre 
surrounding  the  seeds.  The  value  of  the  cotton  depends  on  the 
length  of  its  staple,  as  well  as  on  its  silky  nature.  The  Sea 
Island  cotton  has  a  staple  which  is  40'5  mms.  in  length,  and 
'025  mm.  in  width,  while  the  Bengal  or  Surat  cotton  is  only 
18  mms.  in  length,  and  '019  mm.  in  width.  Cotton  fibre  consists 
of  a  long,  hollow,  cylindrical,  perfectly-closed  cell,  thickest  at 
the  root  end,  where  attached  to  the  seed,  and  tapering  off  at 
the  other  end.  This  regular  form  is  but  seldom  seen  under  the 
microscope,  the  cells  usually  presenting  the  appearance  of 
irregularly  twisted  ribbon  with  thick  rounded  edges,  as  shown  in 
Fig.  148.  This  form  is  retained  in  the  manufactured  thread, 
and  hence  cotton  cloth  is  distinguished  from  that  made  from 
other  fibres  by  its  loose  woolly  structure,  this  imparting  to 
it  the  property  of  being  a  bad  conductor  of  heat,  as  well  as 
giving  it  an  opaque  character.  Figs.  150  and  151  show  a 
cross  section  of  the  fibre  after  drying.  Cotton  can  be  more 
readily  dyed  than  most  vegetable  fibre,  and  hence  its  use  as 
a  basis  of  printed  goods.  This  property,  according  to  Walter 
Crum,  depends  upon  its  peculiar  structure.  In  order  that  cotton 
shall  take  up  colour,  the  latter  must  be  soluble,  and  pass  by 
diffusion  into  the  interior  of  the  cell,  where  it  is  rendered 
insoluble  by  chemical  means.  Unripe  cotton  fibre  frequently 
contained  in  the  wool  cannot  be  dyed,  and  is  therefore  termed 
"  dead  cotton. "  These  defective  fibres  are  very  thin  and  trans- 
parent, and  solid  throughout  the  mass.  Figs.  149  and  152.^ 
The  dyeing  power  of  the  cotton  fibre  is  increased  after  treatment 
with  concentrated  caustic  soda,  the  alkali  combining  with  the 
cellulose,  the  effect  being  to  shrink  the  fibre,  as  shown  in  Fig. 
153-  This  process,  termed  from  its  inventor  mercerizing,  has 
not  teen  much  employed  owing  to  its  cost.^ 

B-aw  cotton,  even  when  quite  white,  contains  a  small  quantity 
of  .other  materials  than  cellulose.  These,  arcordincf  to  Schunck, 
are  characteristic  of  the  plant,  and  among  them  are  found  a  wax, 
solid  lEatty  acids,  pectic  acid,  albuminoid  substances  and  colouring 


^  Phil.  Mag.  3rd  Series,  vol.  xxxv.  334. 
-  Mercer,  British  Assoc.  Mcp.  1851,  157. 
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matters,  one  of  which  is  easily  soluble,  and  the  other  only 
slightly  soluble  in  alcohol.  Coloured  cotton,  as  that  of  Nankin, 
contains  the  same  constituents  in  larger  quantity.^ 


Fig.  148. 


Fig.  149. 


Flax  and  ffemp.—Mter  cotton  the  most  important  fibres  are 
flax  and  hemp.   Flax  fibre  {Linum  usitatissimum)  was  used  as  a 


Fig.  150. 


material  for  textiles  in  the  earliest  times,  as  may  be  seen  from 
the    Egyptian  mummy  cloths,   which  do  not  contain  a  single 


s(^lHo)A(^'^ 


Fig.  151. 


fibre  of  cotton.     Some  of  these  being  so  fine  that  twenty  metres 
1  Memoirs  Manehest,  Phil.  Lit,  Soc.  1868, 
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of  thread  -weigh  only  one  gramme/  and  a  hundred  hanks  go  to  the 
pound,  the  cloth  having  140  threads  in  the  inch  in  the  warp, 
and  about  64  in  the  woof.  Both  flax  and  hemp  plants  {Cannabis 
saliva)  must  be  subjected  to  a  process  of  "  retting/'  or  modified 
fermentation  or  rotting,  and  this  is  accomplished  by  "  water 
retting,"  or  "dew  retting"  or  "  snow  retting/*  In  all  cases  the 
fermentation  takes  place,  this  having  for  its  purpose  the 
decomposition  of  the  intercellular  mass,  so  as  to  enable  the  fibre 
to  be  separated  by  mechanical  means.  Many  plans  have  been 
proposed  to  avoid  this  tedious  rotting  process,  but  none  as  yet 
have  been  successful,  though  a  maceration  in  warm  water  has 
been  adopted  in  some  works,  as  reducing^  the  time  of  fermenta- 
tion. So  long  ago  as  the  year  1678  Leuwenhoek  showed  that 
cotton  fibre  could  be  easily  distinguished  from  that  of  flax 
(Fig.  154)  under  the  microscope,  as  the  latter  consists  of  cylindri- 
cal fibres  open  at  each  end,  containing  knots.  Hemp  (Fig.  155) 
has  a  similar  structure,  the  fibre,  however,  being  thicker. 


kC^Mt^CC^©^ 


Fig.  152. 

Jute.  Jute  is  the  fibre  of  two  species  of  Corchorits,  viz. 
capsularis  and  olitoriios,  growing  in  India,  and  especially  in 
Eengal,  and  only  recently  imported  into  European  markets, 
though  it  appears  to  have  been  used  from  early  times  in  India 
as  well  as  in  Egypt  and  Syria.  The  jute  fibre  possesses  a  silky 
lustre,  can  be  easily  dyed,  but  is  not  so  strong  as  flax.  Con- 
siderable advances  have  lately  been  made  both  in  its  manufacture 
and  its  dyeing,  and  finishing  the  jute  cloth.  The  fibres  can  now 
be  divided  so  finely  that  it  is  capable  of  being  mixed  with  silk, 
though  the  main  use  of  jute  is  in  making  bags,  sacks,  and  other 
rougher  articles.  Jute  fibre  is  coloured  a  deeper  yellow  by 
aniline  sulphate  than  any  other  fibre. 

Manilla  Hemp.  This  is  the  fibre  of  the  Musa  textilis,  or  the 
wild  plantain  growing  in  the  Philippine  Islands,  Borneo,  Java, 
and  other  tropical  countries.  This  plant,  which  is  the  non-edible 
banana,  does  not  flourish  in  all  hot  countries,  though  the  edible 
banana  grows  luxuriously  throughout  the  tropics.      The  leaf- 

1  James  Thompson,  "  On  the  Mummy  Cloth  of  Egypt,  with  some  Observations 
of  the  Manufactures  of  the  Ancients,"  Phil.  Mag.  1834,  S55  ;  also  Ann.  CJiem. 
Fharm.  Ixix.  128. 


BLEACHING  OF  COTTON. 


589 


stalks  of  the  plant  are  used  for  the  preparation  of  the  fibre, 
3,200  trees  producing  about  one  ton.  Manilla  hemp  is  almost 
exclusively  used  for  rope  making,  as  the  fibre  is  much  stronger 
and  lighter  than  ordinary  hemp. 

Bleaching.  Yarn  as  well  as  woven  cloth  has  always  a  greyish 
colour,  and  is  obliged  to  be  bleached  before  it  can  be  used  for 
many  purposes.  This  process  was  formerly  carried  on  in  bleach 
greens,  the  ozonized  atmospheric  oxygen  produced  by  the  action 
of  the  sunlight  being  the  active  agent.  Bleaching  powder  is  now 
usually  employed  for  this  purpose  on  the  large  scale  ^  for  cotton 


goods,  though  linen  is  still  chiefly  bleached  on  the  green.  (FoV 
a  description  of  the  theory  of  bleaching  and  of  the  manufacture 
of  bleaching  powder,  see  Vol.  I.  p.  266,  YoL  II.  Part  I.  p.  200.) 


Paper  Making. 

88o  With  the  fall  of  the  Roman  Empire  and  the  consequent 
decline  of  European  civilization,  the  use  of  Egyptian  papyrus^ 

^  See  art.  '*Bleacliing,"  Spon's  Eneyclop.  of  Inditstrial  Arts,  by  Hummel ;  see 
likewise  an  article  on  the  materials  used  in  textile  industries,  by  Hugo  Miiller, 
Ber,  Entwicklung.  Chem.  IndttsL  vol,  ii.  32. 
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which  was  employed  as  a  -writing  material,  diminished,  and  the 
manufacture,  which  had  been  chiefly  carried  on  at  Alexandria, 
soon  ceased. 

For  preparing  the  material,  the  pith  of  the  Papyrus  anti- 
quorum,  a  bulrush  growing  on  the  Nile,  wa's  cut  into  thin 
plates,  laid  lengthways  alongside  one  another,  with  their  edges 
touching,  while  another  layer  was  laid  across  at  right  angles. 
On  moistening  with  warm  water  and  pressing,  the  films  were 
made  to  adhere,  and  the  layers  became  a  compact  sheet.  At 
the  present  day  paper  from  papyrus  is  made  as  a  curiosity  in 
Syracuse,  where  the  manufacture  was  originally  introduced  by 
the  Saracens. 

Paper-making  of  a  more  perfect  kind  was,  however,  carried 
on  by  the  Chinese  some  centuries  before  our  era,  the  bark  of  a 
mulberry- tree  [Broussoneiia  papyrifera)  being  employed  for  this 
purpose.  Other  barks,  cotton  fibres,  and  various  kinds  of 
straw  were  also  used,  and  after  about  a  century,  old  linen  and 
cotton  rags  were  employed  as  paper-making  materials.  The 
knowledge  of  the  art  of  paper-making  spread  from  China  west- 
ward to  the  then  flourishing  towns  of  Samarcand  and  Bokhara, 
and  after  the  Mohammedan  conquests  of  Central  Asia,  paper 
was  known  in  all  the  countries  which  they  overran,  and  also  in 
the  Byzantine  Empire  and  Southern  Spain,  whilst  the  Crusaders 
introduced  it  into  the  rest,  of  Europe.  The  Arabians  manufac- 
tured paper  entirely  from  raw  cotton,  but  this  appears  to  have 
been  of  such  bad  quality  that  in  1221  the  Emperor  Fre- 
derick II.  ordered  all  deeds  to  be  written  on  parchment,  and 
those  which  had  been  written  on  paper  to  be  copied  on  parch- 
ment within  two  years.  In  process  of  time  the  discovery  was 
made  that  linen  rags  yield  a  much  stronger  and  more  perma- 
nent paper,  so  that  this  material  has  since  this  time  been  chiefly 
used  for  paper-making.  But  in  the  eighteenth  century  this 
material  could  not  be  obtained  in  sufficient  quantity  to  keep 
pace  with  the  demand  for  paper,  and  hence  attempts  were  made 
to  obtain  a  convenient  substitute.  It  appears  to  have  been 
forgotten  that  in  China  a  number  of  vegetable  fibres  had  long 
ago  been  used  for  paper-making,  and  it  was  not  until  the 
beginning  of  the  present  century  that  Matthias  Koops  ^  suc- 
ceeded in  manufacturing  a  paper  from  straw  and  wood,  which, 
though  it  possessed  a  yellow  colour,  was  strong  and  of  a  very 

^  Invention  of  Paper :  an  Historical  Account  of  Substances  which  Jiave  been 
Used  to  Describe  Events  and  Convey  Ideas,  London,  1800. 
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permanent  character.^  The  preliminary  treatment  which  straw 
fibre  has  to  undergo  before  it  can  be  made  into  white  paper,  is, 
however,  of  an  expensive  character,  and  the  demand  for  paper 
increasing  enormously,  the  manufacturers  sought  for  a  material 
which  could  be  more  easily  worked  up  than  straw.  This  was 
found  in  the  esparto-grass  (Macrochloa  tenacissima),  which 
grows  wild  over  large  tracts  on  the  coast  of  Spain,  and  on  the 
north  coast  of  Africa  from  Mogador  to  Egypt.  Though  this 
material  was  used  from  the  earliest  times  by  the  natives 
for  the  manufacture  of  ropes,  mats,  &c.,  and  is  even  mentioned 
by  the  Eoman  writers  under  the  name  of  spartium,  it  has 
only  been  introduced  within  recent  years  into  England,  where 
it  is  now  very  largely  used  for  paper  making.  The  long  thin 
leaves  of  this  plant  yield  from  forty-seven  to  fifty  per  cent. 
of  their  weight  in  paper,  and  in  order  to  purify  the  fibre, 
these  are  boiled,  generally  under  pressure,  with  a  two  per 
cent,  soda  IjQj  and,  after  washing,  manufactured  according 
to  the  ordinary  methods.  The  fibre  of  esparto-grass  is  very 
opaque,  standing  in  this  respect  next  to  the  cotton  fibre,  and  it 
yields  a  paper  specially  well  suited  for  printing  fine  woodcuts. 
It  is,  however,  usual  to  mix  the  esparto-pulp  with  a  certain 
quantity  of  pulp  from  cotton  or  linen  rags,  or  straw. 

Wood  pulp  is  largely  employed  in  paper-making.  For  this 
purpose  a  certain  length  of  fibre  must  be  preserved,  and  hence 
the  wood  is  rubbed  up  into  a  fine  pulp.  Wood  paper  is  some- 
what brittle,  and  never  perfectly  white.  The  presence  of 
lignified  tissue  can  readily  be-  detected  by  the  sulphate  of 
aniline  test  (see  p.  584).  Instead  of  disintegrating  the  wood 
by  mechanical  means,  chemical  agents  are  frequently  employed 
for  obtaining  the  cellulose,  sawdust  or  shavings  being  heated 
under  considerable  pressure  with  caustic  soda.  In  this  way 
a  soft  mass  of  cellulose  is  obtained,  which,  when  further 
disintegrated,  yields  a  valuable  pulp.  Several  other  methods 
have  been  proposed  for  converting  wood  or  straw  into  paper 
pulp.  One  of  these  consists  in  macerating  the  disintegrated 
material  for  twelve  hours  with  dilute  milk  of  lime,  and  then 
saturating  the  mixture  with  sulphur  dioxide  gas,  under  a  pres- 
sure of  from  four  to  five  atmospheres ;  after  next  washing  the 
pulp  for  two  hours  with  water,  it  is  treated  under  pressure  with 

^  Accum's  System  cf  Tlieoretical  and  Practical  Chemistry,  published  by  the 
Author  in  1803,  \va9  printed  on  paper  made  from  straw,  which  at  the  present  time 
is  in  as  good  condition  as  the  day  it  was  printed. 
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a  three  per  cent,  solution  of  calcium  chloride,  or  with  one  con- 
taining 0'5  per  cent,  of  aluminium  sulphate,  and  these  again 
removed  by  washing.  In  paper-making  from  rags  the  fiist 
operation  is  that  of  cutting,  effected  either  by  hand  or  machine. 
The  rags  are  then  passed  through  a  machine  termed  the  devil, 
or  thrasher,  by  which  the  rags  are  still  further  disintegrated. 
They  are  then  boiled  with  caustic  alkali  to  remove  any  grease 
they  may  contain,  and  afterwards  passed  through  the  washing 
and  rag  engine,  termed  a  Hollander,  because  it  was  invented  by 
the  Dutch.  This  engine  contains  a  rotating  cylinder,  making 
about  230  revolutions  per  minute,  and  is  filled  with  water  and 
the  rags,  fresh  water  being  constantly  brought  in  and  the  dirty 
water  escaping.  All  the  engines  through  which  the  rags  pass 
up  to  this  state  are  termed  breakers,  and  the  pulp  is  known  as 
half  stuff.  The  next  process  is  that  of  bleaching,  which  is 
effected  either  by  chlorine  gas  or  by  bleaching  powder,  or  by 
both  of  these  agents  combined. 

After  the  pulp  has  been  bleached  by  either  of  these  methods 
the  chlorine  must  be  removed  by  careful  washing,  the  apparatus 
employed  being  called  a  beating-engine.  As  the  complete 
removal  of  chlorine  by  mere  washing  is  a  tedious  process,  the 
addition  to  the  bleached  pulp  of  a  so-called  anti-chlor  is  often 
resorted  to.  The  commonest  forms  of  anti-chlor  are  sodium 
thiosulphate  (hyposulphite  of  soda  of  the  shops)  and  sodium 
sulphite,  both  these  bodies  are  oxidized  to  sulphates  by' free 
chlorine  (Vol.  II.  Part  II.  p.  118).  The  pulp  is  then  ready 
to  be  brought  on  to  the  paper-rtiachine.^ 

Japanese  paper,  distinguished  by  its  peculiar  tenacity,  is 
manufactured  from  the  long  fibres  of  the  bark  of  the  paper 
mulberry-tree,  whilst  the  so-called  rice-paper  of  the  Chinese 
is  not  prepared  from  rice,  but  from  the  snow-white  pith  of 
Araliapapyrifera,  a  small  shrub  only  found  now  in  the  marshy 
forests  of  Formosa. 

88i  The  technical  uses  of  ivood  are  generally  so  well  known  as 
scarcely  to  require  enumeration.  In  chemical  technology  it  is 
employed  for  the  preparation  of  wood  spirit,  pyroligneous  acid, 
&c.,  by  subjecting  it  to  dry  distillation  in  retorts,  when  wood- 
charcoal  isdeft  and  gases  evolved,  whilst  the  water  containing 
the  above-named  substances  distils  over  with  wood-tar.  The 
composition  of  the  latter  varies  with  the  kind  of  wood  employed. 

^  For  a  complete  account  of  processes  of  paper-making,  see  Carl  Hofmann, 
Practical  Treatise  on  F ai^cr -making ,  Philadelphia,  1873. 
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Thus,  beech-wood  tar  is  distinguished  by  the  amount  of  creosote, 
a  mixture  of  phenol  and  its  methyl  ethers,  substances  belonging 
to  the  aromatic  series,  which  it  yields,  whilst  birch-wood  tar 
possesses  a  peculiar  smell,  and  is  used  in  the  preparation  of 
Russian  leather.  The  use  of  wood  in  the  preparation  of  wood- 
spirit  and  of  oxalic  acid  have  already  been  mentioned. 

Preservation  of  Wood,  )  Whilst  pure  cellulose  is  a  very  stable 
body,  wood,  when  placed  in  moist  earth,  moulders  or  rots,  on 
account  of  its  containing  nitrogenous  constituents,  which  give 
rise  to  minute  organisms  favouring  the  process  of  decay.  In 
early  times  surface  carbonization  was  found  to  exert  a  protective 
influence,  and  this  was  long  made  use  of;  but  at  the  beginning 
of  this  century  numerous  proposals  were  made  to  prevent  the 
rotting  of  the  wood  by  means  of  chemical  antiseptics.  In  1821 
Davy  and  Knowles  proposed  the  use  of  corrosive  sublimate  for 
this  purpose,  and  this  suggestion  was  successfully  carried  out  by 
Kyan  in  1832.  Railway-sleepers  are  now  impregnated  with 
heavy  tar-oils,  or  with  zinc  chloride,  as  a  means  of  preventing 
decay.  For  this  purpose  the  dried  sleepers  are  heated  in  air- 
tight boilers,  from  which  the  air  is  pumped  out,  and  then  the 
antiseptic  liquid  is  allowed  to  flow  in,  by  which  means  a  perfect 
impregnation  of  the  wood  by  the  liquid  is  effected.^ 


TUNICIN  (C^ll^fi,)n. 

882  This  substance,  also  known  as  vegetable  cellulose,  is  found 
in  the  mantle  of  ascidia.^  In  order  to  prepare  it,  the  mantle 
is  heated  in  a  Papin  s  digester,  then  treated  for  some  time  with 
hydrochloric  acid,  and,  after  washing  with  water,  boiled  for  some 
days  with  strong  caustic  potash,  and  then  washed,  first  with 
water  and  finally  with  alcohol.^ 

Tunicin  retains  the  outward  form  of  the  mantle,  and  is  a  thin 
translucent  mass.  Like  cellulose,  it  gives  the  amyloid  reaction, 
and  dissolves  in  Schweitzer's  reagent. 

Concentrated  nitric  acid  converts  it  into  an  explosive  nitrate, 
but  it   remains  unaltered  after  boiling  for  some  weeks  with 

*  For  a  complete  accoiint  of  the  chemical  and  technical  properties  and  uses  of 
vegetable  fibres,  see  Hugo  Miiller's  article  in  the  second  volume  of  Hofmtiun's 
Bcricht  ilber  Fortsckrittc  dcr  chemischen  Iiidustrie. 

^  C.  Schmidt,  Ann.  Chem,  Fharm.  Iviii.  31 S;  Lowig  and  Kolliker,  Journ, 
Prakt.  Oiem,  xxxvii.  439. 

3  Schafer,  Ann.   Chcm.   Pharm.  clx.  312. 
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dilute  acids.  It  dissolves,  however,  in  concentrated  sulphuric 
acid,  and  this  solution  boiled  with  water  gives  dextrose.^  Schmidt 
considers  tunicin  to  be  identical  with  vegetable  cellulose,  bnt 
according  to  Berthelot,  who  gave  to  it  its  name,  tunicin  is  dis- 
tinguishable by  the  fact  that  it  withstands  the  action  of  acids 
more  completely,  and  that  it  is  not  coloured  by  fluoride  of  boron 
in  the  cold,  whilst  cellulose  is  turned  black.^  Schafer,  however, 
is  of  Schmidt's  opinion,  whilst  Berthelot  adheres  to  his  own.^ 
According  to  Luca,  the  skin  of  the  silk-worm,*  as  well  as  that 
of  the  snake,^  contains  cellulose,  convertible  on  boiling  with 
dilute  sulphuric  acid  into  glucose  ;  and  Yirchow  ^  found  a  similar 
cellulose-like  body  in  the  human  brain  and  in  the  diseased 
spleen. 

PECTOUS  SUBSTANCES. 

883  If  the  juice  of  ripe  fruit,  such  as  apples  and  pears,  or  that 
of  fleshy  roots,  such  as  carrots,  beets,  &;c.,  be  boiled  in  order  to 
remove  albuminoid  substances,  and  if  then  alcohol  be  added  to 
the  liquid,  a  gelatinous  substance  is  precipitated,  which  can  also- 
be  obtained  from  the  bark  of  trees.  This  body,  to  which 
Braconnot  ^  gave  the  name  of  pectin  (Tryfcroi;^  curdled),  as 
well  as  the  compounds,  some  of  which  are  acid  bodies,  which 
are  readily  formed  from  it,  have  been  examined  by  other 
chemists,  especially  by  Chodnew^  and  Fr^my.®  These  chemists, 
however,  have  not  obtained  concordant  results,  as  the  former 
gives  for  pectin  the  formula  CggH^gOg^,  whilst  Fr^my  gives 
^16-^24^16-  According  to  the  latter  chemist,  an  insoluble  com- 
pound termed  pectose  occurs  in  fleshy  roots  and  unripe  fruit, 
and  imparts  to  them  their  hardness,  and  this  in  the  process 
of  ripening,  or  on  boiling  with  acids,  is  converted  into  pectin. 
Accordiug  to  Stade,  pectose  is  a  lime  compound  of  pectin.  ^"^ 
Other  gelatinous  bodies  are  formed  by  the  action  of  alkalis, 
the  last  product  of  which,  according  to  Fr^my,  is  metapectic 
acid,  CgHj^O-j^g,  a  body  which  can  easily  be  obtained  by 
treating  the  root  with  milk  of  lime.^^  Scheibler,  however, 
finds  that  this  body  is  identical  with  arable  acid,  being  formed 

^  Franchimont,  Ber.  Deutsch.  Chem.  Ges,  xii.  1938. 

2  Ann,  Chim.  Pluj'i.  [3],  Ivi.  149.  ^  Bull.  Soc.  Chim,  [2],  xviii.  9. 

4  Jahresh.  1861,  721.  ^  Ibid,  1863,  651.  «  Ibid.  1853,  592. 

^  Ann.  Chim,  Fhys.  1.  376.  ^  Ann.  Chem.  Pharm.  li.  355. 

^  ^7171.  Chim.  Phys.  [3],  xxiv.  9.  ^'^  Ann,  Oiem.  Pharm,  cxxxi,  244. 

^1  Comi^t,  Rend,  xlix.  561. 
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from  the  metarabin  contained  in  beetroot.^  It  is,  however, 
probably  formed  from  the  parabin  which  Reichardt  found  to 
exist  in  beetroot,  and  which  probably  is  one  of  the  pectous 
substances  described  by  Fr(^my.  Kence  it  would  appear  that  the 
latter  body  must  be  placed  amongst  the  gums. 


DIBASIC  ACIDS,  CgH.oOg. 

884  Saccharic  Acid,  This  name  was  first  applied  by  Scheele  ^ 
to  an  acid  which  he  obtained  by  the  oxidation  of  cane-sugar  with 
nitric  acid,  and  which  he  afterwards  found  to  be  ordinary 
oxalic  acid.  In  1785  he  observed  that,  together  with  this, 
another  acid  occurred,  which  he  considered  to  be  malic  acid. 
In  1830  Trommsdorff  pointed  out  that  this  is  not  the  case,^  and 
Guerin  Varry,  who  arrived  at  the  same  conclusion,  termed  the 
new  acid  '* acide  oxalhydriqite"  as  in  his  opinion  it  might  be 
regarded  as  a  compound  of  oxalic  acid  and  hydrogen.^  Erdmann 
considered  it  to  be  an  isomeride  of  tartaric  acid,  and  therefore 
termed  it  metatartaric  acid,^  whilst  Hess,  in  1837,  correctly 
determined  its  constitution  and  o^ave  to  it  Scheele's  original  name 
of  saccharic  acid.'^  It  was  afterwards  further  examined  by 
Thaulow/  Liebig,^  and  Heintz.^  It  is  produced  by  the  action 
of  nitric  acid,  not  only  upon  sugar,  but  also  upon  mannite, 
dextrose,  Isevulose,  trehalose,  melizitose,  dextrin,  Isevulin,  starch, 
and  milk-sugar.  The  last  named  yields  at  the  same  time  the 
isomeric  mucic  acid. 

For  the  preparation  of  saccharic  acid  2  parts  of  sugar  are 
heated  with  7  parts  of  nitric  acid  of  specific  gravity  1-27  until 
an  evolution  of  gas  sets  in,  whereupon  the  mixture  is  allowed  to 
cool  down  to  60°  and  maintained  at  this  temperature  until  it 
begins  to  turn  brown.  The  solution  is  next  slightly  diluted 
with  water  and  removed  from  the  separated  oxalic  acid ;  it  is 
then  neutralized  with  potassium  carbonate,  and  acetic  acid  added 
until  the  liquid  smells  stiongly  of  the  acid.  On  standing  for 
some  weeks,  or  it  may  be  months,  crystals  of  the  acid  potassium 
salt  separate  out.     From  the  mother-liquor  a  further  crop  of 

^  Ber,  DeutscK  Cheyn.  Ges.  vi.  612.  ==  Ojmsc.  ii.  203. 

'  Ann.  Fharm.  xxx.  36.  *  Ann,  Pharm,  xxx.  24. 

"*  J&um.  Praia.  Chem,  ix.  257.  ^  Ann.  Pharm.  xxvi.  1  ;  xxx.  302. 

7  lb.  xxvii.  113.  ^  lb.  xxx.  313;  xxxiii.  117  ;  cxiii.  4. 

®  Joui'u.  Prakt.  Cheyn.  Ixxiv,  474  ;  Ixxvi.  246  ;  Ixxxi.  134. 
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the  crystals  is  obtained  on  evaporation,  but  these  are  mixed 
with  potassium  oxalate.  To  remove  the  latter  the  mixed  salts 
are  dissolved  in  warm  water  containing  acetic  acid,  the  solution 
13recipitated  with  calcium  chloride,  the  filtrate  supersaturated 
with  ammonia,  and  then  evaporated.  The  calcium  salt  thus 
obtained  is  next  transformed  into  the  acid  potassium  salt,  and 
this  is  purified  by  recrystallization.  This  is  then  converted  into 
the  normal  salt  and  the  solution  precipitated  by  a  salt  of 
cadmium.  The  well-washed  precipitate  is  decomposed  by 
sulphuretted  hydrogen,  and  the  filtrate  evaporated  on  the  water- 
bath.  The  residue  on  drying  in  a  vacuum  over  sulphuric  acid 
forms  a  brittle  amorphous  mass,  which  becomes  sticky  in  the  air. 
It  is  readily  soluble  in  water  and  alcohol  and  possesses  a  strongly 
acid  taste.  On  further  oxidation  with  nitric  acid  it  yields  first 
tartaric  acid  together  with  a  smaller  quantity  of  racemic  acid 
(Hornemann) : 

CH(0H).CH(0H).C0.3H 
I  +   20    = 

CH(0H).CH(0H).C02H 

CH(0H).C02H 

I  +    2CO2  +   2H2O. 

CH(0H).C02H 

Saccharic  acid  reduces  amraoniacal  silver  solution  with  deposi- 
tion of  a  metallic  mirror.  When  heated  with  phosphorus  and 
hydriodic  acid  to  140" — 150°  it  yields  adipic  acid  C4Hg(C02H)2, 
together  with  other  products. 

Saccharates,  The  normal  alkali  salts  are  deliquescent,  whilst 
the  acid  salts  are  but  slightly  soluble  in  water  and  crystallize 
well.  Acid  Fotassmm  SaccJiarate,  CgHgKOj,,  forms  rhombic 
crystals,  soluble  at  7°  in  89  parts  of  water.  Korinal  Calcium 
Sacc/iarate,  C^HgCaOg  4-  HgO,  forms  a  flocculent  precipitate, 
which  from  hot  water  crystallizes  in  rhombic  microscopic  prisms  ; 
these  are  scarcely  soluble  in  boiling  water,  but  dissolve  readily 
in  a  solution  of  the  free  acid.  Normal  Cadnmim  SaccharatCy 
CgHgCdOg,  separates  from  a  cold  solution  in  floccul^e  which  are 
difficult  to  wash ;  whilst  from  a  boiling  solutioa  of  the  potassium 
salt  it  is  precipitated  by  cadmium  sulphate  in  the  form  of  miscro- 
scopic  needles.  Zcad  Saccharate,  G(jHgPbOg,  is  obtained  as  a 
curdy  precipitate  when  sugar  of  lead  is  added  to  a  boiling  solution 
of  the  potassium  salt  containing  acetic  acid.     If  the  precipitation 
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Le  effected  in  neutral  solution,  the  hydrogen  of  the  "whole  of 
the  hydroxyl  is  replaced  by  lead,  and  the  salt  CfiH^PbgOg  is 
obtained,  and  this  was  formerly  considered  to  indicate  that 
saccharic  acid  was  hexabasic. 

Ethyl  Sacclm.ratc,  Ofi^{G^^f^^,  When  hydrochloric  acid  is 
passed  into  a  mixture  of  calcium  saccharate  and  alcohol,  rhombic 
prisms  of  the  compound  ^Q^K^iG^^f)^  +  CaClg  are  formed, 
and  these  are  decomposed  by  boiling  water  with  formation  of 
alcohol  and  saccharic  acid.  If,  however,  they  be  dissolved  in  a 
small  quantity  of  cold  water,  the  solution  precipitated  with 
sodium  sulphate  and  alcohol,  and  then  evaporated  in  a  vacuum, 
ethyl  saccharate  remains  behind.  This  may  be  extracted  with 
a  mixture  of  alcohol  and  ether,  and  on  evaporating  the  solution 
the  compound  remains  as  a  crystalline  mass  possessing  a  bitter 
taste.  If  the  calcium  chloride  compound  be  treated  in  the 
cold  with  acetyl  chloride,  the  acetate,  03114(02^^30)4(02115)203,  is 
obtained,  and  this  crystallizes  from  hot  alcohol  in  tables  which 
melt  at  61°.i 

Sacchar amide,  Q^^{0'H)J^0.'^^2^^y\^  an  amorphous  powder, 
obtained  by  passing  ammonia  into  an  ethereal  solution  of  ethyl 
saccharate.  It  is  soluble  in  water,  and  on  boiling  its  solution 
is  transformed  into  ammonium  saccharate. 


Mucic  Acid. 

885  This  compound,  which  is  isomeric  with  saccharic  acid, 
was  first  prepared  in  1780  by  Scheele,  who  obtained  it  together 
with  oxalic  acid  by  the  action  of  nitric  acid  on  milk-sugar. 
In  1785  he  found  that  this  acid,  which  he  termed  acidum 
sacchariladis  or  acidum  ^aZac^osaccAarmmTi,  may  also  be  obtained 
from  gum  tragacanth,  whilst  Fourgroy  and  Vauquelin  pointed 
out  that  it  may  likewise  be  obtained  from  other  kinds  of  gums 
and  mucilages,  and  hence  they  termed  it  acide  vuique%tx,  which 
name  was  afterwards  changed  to  acide  mitcique.  In  addition  to 
the  above  compounds,  ii.  is  also  obtained  by  the  oxidation  of 
dulcite,  melitose,  and  galactose,  which,  as  we  know,  is  formed 
together  with  dextrose  by  the  action  of  acids  on  milk-sugar  ; 
this  latter  being,  therefore,  the  only  carbohydrate  which  yields 
at  the  same  time  both  mucic  and  saccharic  acids, 

^  Baltzer,  Ann.  Cliem,  Pharm.  cxHx.  241. 
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Mucic  acid  was  first  more  closely  examined  by  Malaguti  ^  and 
by  Pelouze  and  Liebig.^ 

For  its  preparation,  1  part  of  milk-sugar  and  4  parts  of 
common  nitric  acid  are  warmed  together,  when  a  violent  evolu- 
tion of  red  vapours  takes  place.  When  this  has  ceased,  the 
mixture  is  boiled  for  a  short  time,  and,  after  cooling,  the  separated 
mucic  aeid  is  filtered  off.  A  further  quantity  is  obtained  from 
the  mother-liquor  on  evaporation.^ 

Mucic  acid  forms  a  pulverulent  crystalline  powder,  consisting 
of  oblique  rhombic  prisms.  It  is  difficultly  soluble  in  cold,  but 
dissolves  more  readily  in  hot  water,  and  it  is  insoluble  in  alcohol. 
On  further  oxidation  with  nitric  acid  it  is  first  converted  into 
racemic  acid  (Hornemann),  and  on  heating  with  phosphorus  and 
hydriodic  acid  it  forms  some  adipic  acid.* 

Miwatcs.  These  salts  are  distinguished  from  the  saccharates  by 
the  fact  that  their  normal  alkali  salts  are  less  soluble  in  water 
than  the  corresponding  acid  salts,  which  crystallize  well.  The 
salts  of  the  other  metals  are  either  insoluble  or  slightly  soluble. 
They  have  been  examined  by  Malaguti,  Hagen,  and  Johnson. 
When  mucic  acid  is  boiled  with  sugar  of  lead,  the  salt, 
CgH^PbgOg,  is  formed. 

Ethyl  2IucatG,  CgHg(C2Hj^)20g,  was  obtained  by  Malaguti  by 
warming  together  1  part  of  mucic  acid  and  4  parts  of  sulphuric 
acid  until  the  liquid  began  to  blacken,  and  then,  after  standing 
twelve  hours,  adding  4  j^arts  of  alcohol  of  specific  gravity  0'814. 
The  crystals  which  separated  after  standing  for  twenty-four  hours 
were  then  purified  byrecrystallization.  Ethyl  mucate  is  not  formed 
by  the  action  of  hydrochloric  acid  on  a  mixture  of  mucic  acid  and 
alcohol  (Limpricht).  It  crystallizes  in  four-sided  prisms,  which 
melt  at  158°  with  decomposition,  and  is  readily  soluble  in  boil- 
ing water  and  alcohol.  It  dissolves  at  20°  in  44  parts  of  water, 
whilst  at  15°'5  it  requires  for  solution  156  parts  of  alcohol  of 
specific  gravity  0'814. 

When  heated  with  acetyl  chloride  to  100°,  the  acetate, 
Q^^(G^fi)^(Q^^)f)^,  is  formed,  ar.d  this  crystalhzes  from 
boiling  alcohol  in  needles,  which  melt  at  177°.^ 

Ethyl  Mucic  Acid,  Q^^^G.^^O^,  is  obtained  by  the  decom- 
position of  the  impure  normal  salt  (Malaguti),  or  when  the  pure 

1  An7i.  Chim.  Phys.  [2],  Ix.  195  ;  Ixiii.  131. 

^  Ann,  Pkarm.  xix.  258  ;  xxvi.  160  ;  cxiii.  1, 

3  Schwanert,  ih.  cxvi.  265  ;  see  also  Limpricht,  ih,  clxv.  253. 

*  Cram-Brown,  Ann.  Chem.  Pharin,  cxxv.  19, 

5  Werigo,  Ann,  Chem.  Pharm.  cxxix.  195. 
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compound  is  boiled  with  water  (Limpricht).  It  is  readily 
soluble  in  water  and  alcohol,  and  crystallizes  in  lustrous  needles, 
containing  three  molecules  of  water  of  crystallization,  which 
melt  below  100°  to  a  glassy  hygroscopic  mass. 

Ilucamide,  CJi^{0'K)^{GOJ^'H.2)2,  is  produced  by  the  action 
of  ammonia  on  the  ethyl  salt.  It  is  somewhat  soluble  in  boil- 
ing water,  and  crystallizes  from  this  solution  in  microscopic 
rhombic  pyramids  or  tables,  which  do  not  dissolve  either  in 
alcohol  or  ether.* 

885  Paramucic  Acid  was  obtained  by  Laugier  by  evaporating 
a  solution  of  mucic  acid  in  boiling  water.^  In  order  to  purify  it 
the  residue  is  dissolved  in  alcohol  and  allowed  to  evaporate  spon- 
taneously.^ It  forms  crystalline  crusts  composed  of  rectangular 
tables.  Its  taste  is  more  strongly  acid  than  that  of  mucic  acid, 
and  it  also  dissolves  more  readily  in  water  than  the  latter  acid. 
It  is  again  converted  into  mucic  acid  when  it  is  attempted  to  re- 
crystallize  i  t  from  hot  water.  The  salts  of  paramucic  acid  (with 
the  exception  of  the  normal  ammonium  salt)  dissolve  more 
readily  in  water  than  those  of  mucic  acid,  into  which  latter 
they  are  converted  on  boiling  with  water. 

"When  mucic  acid  is  treated  with  phosphorus  pentachloride 
the  following  reaction  takes  place  :  * 

C,H,(OH),(CO.OH),  +  6PCI5  = 

C.HgCl^CCOCl)^  -f  6POCI3  +  8HCL 

The  same  chloride  is  also  formed  in  a  corresponding  way  from 
acid  potassium  saccharate.^  From  its  solution  in  carbon  disul- 
phide  it  separates  in  large  crystals.^  It  is  decomposed  by  water 
with  formation  of  chlormueonic  acid,  C4H2Cl2(CO.OH)2,  and  from 
boiling  water  this  latter  acid  crystallizes  in  long  white  needles. 
On  heating  with  alcoholic  potash  it  is  decomposed  with  forma- 
tion of  oxalic  and  acetic  acids  (Limpricht). 

By  the  action  of  sodium  amalgam  and  water  it  is  trans- 
formed into  hydromuconic  acid,  0^^.^(002^)2,  which  crystallizes 
from  hot  water  in  long  needles,  melting  at  195°.  If,  how- 
ever, an  excess  of  sodium  amalgam  be  employed,  adipic  acid 

^  Mala^ti,  Compt.  Rend.  xxii.  854. 

^  Ann.  Clilin,  Ixxii.  81. 

3  ISIalafciti,  A7tn.  Chim.  Phys.  Ix.  197. 

1  Lits-Bordat,  Ann.  Cliem.  Fk^rm.  c,  325  ;  Bode,  ib.  cxxxii.  95. 

's  Bell,  Ber.  Dentsch.  Chcm.  Ges,  xii.  1274  ;  De  la  Motte,  ib.  xii.  1571. 

8  "VVichelhaus,  Ann.  Chem.  FJiarm,  cxxxv.  250. 
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043^3(00211)2,  is  produced.  Hydrorauconic  acid  unites  with 
bromine  to  form  dihromadipic  acid,  C4HgBr2(002H)2,  which 
crystallizes  in  needles,  and  by  the  action  of  silver  oxide  on  the 
hot  aqueous  solution  of  the  last-named  acid,  it  is  transformed 
into  muconic  acid,  CgHQO^.  This  is  a  monobasic  acid,  and  it 
forms  large  crystals  which  exhibit  numerous  faces,  and  probably 
belong  to  the  monoclinic  system.  It  melts  at  a  little  above 
100°,  and  on  boiling  with  baryta-water  decomposes  into  acetic 
acid,  succinic  acid,  carbon  dioxide,  and  another  acid  which  has 
not  been  further  examined. 

Muconic  acid  is  monobasic  and  homologous  with  aconic  acid. 
From  its  products  of  decomposition  it  may  be  assumed  that  its 
constitution  is  probably  the  following : 

/°\ 

CO  C.CH2.CH2.CO2H. 

887  Dehydromucic  Acid,  C4H20(C02H)2,  is  formed  in  smaller 
quantity,  together  with  pyromucic  acid,  0^1130(00211),  by  the 
dry  distillation  of  mucic  acid.^  A  better  yield  is  obtained  by 
heating  mucic  acid  with  hydrochloric  acid,^  or  with  hydrobromic 
acid.3  According  to  Kiinkhardt  it  may  be  prepared  in  largest 
quantity  when  equal  parts  of  mucic  acid,  fuming  hydrochloric 
acid^  and  concentrated  hydrobromic  acid  are  heated  together  for 
eight  hours  to  150°.  In  this  reaction  other  products  are  also 
formed,  amongst  which  are  carbon  dioxide  and  diphenylene 
oxide,  O^g^s*-^'  ^  compound  belonging  to  the  aromatic  group : 

^CfiliioOs  =  G.Rfi,  +  C,JIfi  +  GGO2  +  I4H2O. 

Dehydromucic  acid  dissolves  but  slightly  in  cold  water  ;  it  is 
more  readily  soluble  in  hot  water,  and  crystallizes  from  this 
solution  in  lustrous  needles  or  laminse,  which  may  be  sublimed 
by  careful  heating.  If,  however,  the  acid  be  quickly  heated,  it 
decomposes  into  carbon  dioxide  and  pyromucic  acid.  When  its 
aqueous  solution  is  shaken  up  with  bromine  water,  it  is  trans- 
formed into  fumaric  acid,  carbon  dioxide  being  evolved : 

O^H.Oa  +  3H2O  +  SBr^  =  C.H.O^  -|-  2CO2  +  6HBr. 

^  Kiinkhardt,  Joum.  Prakt.  Chem,  [2],  xxv.  41. 

^  Heinzelmann,  Lieb.  Ann.  cxciii.  187. 

3  SeeHg,  Ber.  jbcutsch,  Chem.  Ges,  xii.  1031- 
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It  is  a  strong  dibasic  acid,  forming  salts  which  crystallize  well. 
It  is  a  characteristic  reaction  that  its  aqueous  solution  on 
addition  of  ferric  chloride  quickly  solidifies  to  a  transparent 
gelatinous  mass. 

By  the  action  of  sodium  amalgam  and  water  it  yields  two  iso- 
meric acids,  0^1140(00211)2,  which  may  be  separated  from  one 
another  by  taking  advantage  of  the  different  solubilities  of  their 
barium  salts.  The  one  of  these  acids  crystallizes  in  thin 
tablets,  which  are  easily  soluble  in  water  and  alcohol,  and  melt 
at  144°.  The  other  acid  forms  large  hard  crystals,  which  contain 
one  molecule  of  water,  this  being  given  off  on  heating.  The 
anhydrous  acid  melts  at  173°  (Seelig). 


FURFURYL  GROUP. 

888  Furfiirol,  or  Furfiiraldehyde,  C4H3O.COH,  was  first  pre- 
pared by  Dobereiner,  who  obtained  it,  together  with  formic  acid, 
by  the  distillation  of  sugar  with  dilute  sulphuric  acid  and 
manganese  dioxide,  and  he  termed  it  artificial  oil  of  ants.^ 

Stenhouse  then  found  that  this  compound  is  also  produced 
when  flour  or  sawdust  is  distilled  with  dilute  sulphuric  acid, 
and  he  ascertained  its  composition.^  It  was  observed  by  Fownes 
that  this  substance  may  be  got  in  largest  quantity  from  bran, 
and  on  this  account  he  termed  the  oily  liquid,  furfurol  {furfur^ 
bran,  and  oleum,  oil).^ 

It  is  also  formed  when  bran  is  distilled  with  a  concentrated 
solution  of  zinc  chloride,^  or  when,  in  the  preparation  of 
garancin,  madder  is  boiled  with  dilute  sulphuric  acid.^  Further, 
it  is  produced,  together  with  other  products,  when  wood  is 
heated  with  water  to  198°.^  It  is  found  in  fusel  oil,"^  in  the 
distillation -products  of  sugar  and  of  wood,^  being  present  in 
especially  large  quantity  if  the  latter  be  not  heated  above  200°, 

Frqjaration,  Furfurol  is  best  obtained  from  bran,  which 
contains  a  peculiar  substance  giving  elasticity  to  the  husk  of 
the  grain.^  This  is  soluble  in  potash  lye  and  in  boiling  dilute 
sulphuric  acid;  and  in  the  latter  solution  it  is  at  first  trans- 
formed into  a  saccharine  substance,  which  on  distillation  yields 
furfurol.^^ 

To  prepare  furfurol,  one  part  of  bran  is  mixed  with  an  equal 
quantity  of  sulphuric  acid  and  three  parts  of  water,  and  dis- 
tilled until  three  parts  have  passed  over.      The  distillate   is 

^  Schweigg.  Journ.  Ixiii.  368.  ^  Phil.  Mag.  xviii.  122  ;  xxxvii.  226. 

3  Phil.  Trans.  1845,  253.  "*  Babo,  Ann.  Chcm.  Fharm.  Ixxxv.  100. 

^  Stenhouse,  t6.  clvi.  197. 

«  Greville  "Williams,  Chcm.  News,  xxvi.  231,  293. 

7  Fbr«ter,  Ber.  Dcutsch.  Chcm.  Gcs,  xv.  230  ;  Jorissen,  ih.  574. 

*  Volckei,  Ann.  Chcm.  Phann.  Ixxxv.  65  ;  Ixxxvi.  66. 

**  Heill,  Btr.  Deutsch.  Chcm.  Grs.  x.  936. 

^•^  Gudkow,  Zeitsch.  Chem,  1870,  360, 


FURFUROL.  603 


neutralized  with  carbonate  of  soda,  and  after  addition  of  common 
salt,  one  half  of  the  liquid  is  distilled  off,  and  then  rectified,  in 
which  operation  the  furfurol  passes  over  first  mixed  with  water. 
To  purify  the  product,  it  is  treated  with  very  dilute  sulphuric 
acid,  and  from  time  to  time  potassium  dichromate  is  added  in 
very  small  quantities;  it  is  then  dried  over  calcium  chloride 
and  after  this  distilled.^  The  yield  amounts  to  about  three  per 
cent,  of  the  bran  taken. 

Furfurol  is  an  oily  liquid  which  has  a  smell  resembling  at  the 
same  time  both  bitter  almond  oil,  and  oil  of  cinaamon,  but  less 
pleasant  than  these,  whilst  in  taste  it  resembles  the  last-named 
oil.  It  boils  at  161°  and  has  a  specific  gravity  at  13°'5  of 
1*1636.  It  is  soluble  in  12  parts  of  water,  and  dissolves  readily 
in  alcohol.  When  exposed  to  the  air  it  darkens  in  colour  and 
finally  is  transformed  into  a  tarry  mass.  Like  other  aldehydes 
it  unites  with  acid  sodium  sulphite,  forming  a  compound  which 
crystallizes  in  scales.^  Silver  oxide  oxidizes  it  to  pyromucic 
acid,^  which  latter  is  also  formed,  together  with  furfuryl  alcoholj 
by  the  action  of  alcoholic  potash  on  furfurol :  * 

20,11,0^  +  KOH  =  C5H3KO,  -f  CsH^Og. 

889  F%iTf%iryl  Alcohol,  C^HgO.CHg.OH,  which  is  also  formed 
by  the  action  of  sodium  amalgam  and  water  on  furfurol,^  has  not 
yet  been  prepared  in  the  pure  state,  as  on  heating,  it  for  the 
most  part  loses  water  and  is  changed  to  a  resinous  mass,  this; 
transformation  also  occurring  when  it  is  attempted  to  distil  it  in 
a  vacuum  or  in  a  current  of  hydrogen.  On  keeping,  it  passes- 
into  a  pasty  mass,  whilst  acids  at  once  transform  it  into  a  red! 
resinous  body. 

Furfur  amide,  {Q^.f^.CB)^^,  is  formed  by  the  action  of 
aqueous  ammonia  on  furfurol,  and  for  its  preparation  the 
aqueous  distillate  obtained  in  making  furfurol  may  conveniently 
be  employed.  It  is  insoluble  in  cold  water  and  crystallizes 
from  alcohol  in  thin  needles,  which  melt  at  117°.  When  treated 
with  acids,  it  decomposes  into  ammonia  and  furfuroL 

Furfurin  is  an  isomeride  of  furfuramide  and  is  obtained  \>^ 
adding  the  latter  body  to  a  boiling  solution  of  caustic  potash,® 
or  by  heating  it  alone  to  110"*— 120°.'^ 

^  Stenhonse,  Ann.  Chcm.  Pharm.  olvi.  198. 

2  Schwanert,  Ann.  Chem.  Pharm.  cxvi.  258.  ^  Schwanert,  ih.  257. 

*  TJlrich,  Zeitsch.  Chcm.  1861,  186  ;  Limpricht,  Ann,  Chem.  Pharm,  clxv.  279. 

'  Beilstein  and  Schmelz,  Ann.  Chem.  Pharm.  Suppl.  iii.  275. 

^  Fownes,  Phil.  Tram.  1845,  253  ;  Ann,  Chem.  Pharm.  liv-  55. 

'  Bertagniui,  it.  Ixxxviii.  128. 
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To  purify  the  product  it  is  dissolved  in  a  boiling  solution  of 
an  excess  of  oxalic  acid,  in  order  to  obtain  the  acid  oxalate 
which  is  difficultly  soluble  in  cold  water.  The  boiling  solution 
of  this  salt  is  then  decolorized  with  animal  charcoal  and  after- 
wards decomposed  by  ammonia.  Furfurin  dissolves  in  4,800 
parts  of  cold,  and  in  135  parts  of  boiling  water,  crystallizing 
out  on  cooling  in  small  rhombic  prisms  which  melt  at  116°.^ 
It  dissolves  readily  in  alcohol  and  ether,  possesses  an  alkaline 
reaction,  and  is  a  monacid  base  whose  salts  crystallize  well.^ 

When  heated  with  ethyl  iodide  it  yields  ethyl  furfurin, 
Ci5^ii(*-^2^6)^2^3»  ■w'hich,  when  the  resulting  iodide  is  de- 
composed with  silver  oxide  and  the  solution  evaporated, 
remains  behind  as  a  syrup,^  When  furfurin  is  warmed 
with  acetic  anhydride  it  is  transformed  into  acetyl  furfurin, 
C^^^^{Q^fi)l^fi^,  which  forms  a  crystalline  mass  insoluble 
in  water,  and  not  attacked  by  either  ethyl  iodide  or  nitrogen 
trioxide  (R.  Schiff). 

By  mixing  very  dilute  solutions  of  furfurin  sulphate  and 
potassium  nitrite,  nitroso furfurin,  Q^^^-^Oy^fi^,  is  obtained, 
which  yields  crystals  melting  at  112°.* 

Furfurin  is  an  imido-base,  and  is  probably  produced  from 
furfuramide  in  the  following  way  : 

NcH-aHgO  =  1 1  >CH.C4H30. 

C4H3O.CHZ: N^  C.HgO.CCNH)/ 

According  to  this  formula  it  would  contain  two  imido-groups, 
whilst  its  derivates  only  indicate  the  existence  of  one  such 
group.  But  it  may  here  be  pointed  out  that  in  diethyl-urea 
only  one  atom  of  hydrogen  of  the  two  imido-groups  can  be 
replaced  by  nitroxyl.  It  is,  however,  possible  that  furfurin 
has   the  following  constitution : 

aH.O.CH— NH 

\CH.C,H30. 

C4H3O.O  ZN 

8go  Condensation  products  of  Furfurol.  From  the  above  de- 
scription of  the  compounds  of  furfurol  it  w^ill  be  seen  that  this 

1  R.  Schiff,  B&r.  DcufscJi.  Chem.  Ges.  x.  1186. 

2  Swanberg  and  Bergstrand,  Joiorn,  Prakt.  Chem.  Ixvi.  229, 

3  Davidson,  Edin.  New.  Phil,  Mag.  (1855)  ii.  284. 
*  R.  Schiff,  Bcr.  Dcutsch.  CJiem.  Gcs.  xi.  1250. 
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body  bears  a  striking  resemblance  to  the  aldehyde  of  benzoic  acid 
which  constitutes  the  principal  constituent  of  bitter  almond  oil, 
Like  this  latter  substance,  it  yields  condensation  products,  and 
these  have  been  examined  by  E.  Fischer,  who  has  given  them 
names  analogous  to  those  of  the  well-known  derivatives  oi 
benzoic  aldehyde.^ 

FuTo'in,  C^oHgOg,  is  produced  by  boiling  furfurol  with  dilute 
alcohol  and  potassium  cyanide.  It  crystallizes  from  hot  watei 
in  fine  prisms,  which  melt  at  135°,  and  dissolve  in  caustic  soda 
solution  yielding  a  deeply  coloured  dark-red  liquid,  which  bj 
reflected  light  has  a  bluish-green  colour.  This  solution  becomes 
colourless  in  the  air  from  the  formation  of  furil.  When  boilec 
with  acetic  anhydride,  acetyl-furoin,  C-^qH-(C2H30)03,  is  pro- 
duced, and  this  crystallizes  from  hot  water  in  needles  melting  ai 
76—77°. 

The  following  equation  explains  the  formation  of  furoin : 

C.HgO.COH         C.HgO.CO 

C.HgO.COH  C4H3O.CH.OH 

Furily  C^qHqO^,  is  formed  when  a  current  of  air  is  passed 
throuo^h  a  solution  of  furoin  in  dilute  alcohol : 

aH^O-CO  C^HgO-CO 

I  +   0   =  I        +   H,0. 

C.HgO.CH.OH  C.HjO.CO 

It  is  almost  insoluble  in  water  and  crystallizes  from  hot  alcohol 
in  golden  yellow  needles  which  melt  at  162".  It  unites  with 
bromine  to  form  furil  octobromidc,  C^f^B^&Br^O^,  which  yields 
yellow  crystals,  and  on  heating  is  transformed  into  dihromfitril, 
Ci^H^BrgO^.  This  last-named  body  crystalhzes  from  hot  alcohol 
in  golden  yellow  laminae,  which  melt  at  ISS'' — 184°,  and  sublime 
without  decomposition. 

Pyromucig  Acid,  C4H3O.CO2H. 

891  Scheele  observed  in  1780,  that  when  mucic  acid  is 
heated  it  yields  an  acid  sublimate,  the  vapour  of  which 
possesses  a  penetrating  odour,  resembling  that  of  benzoic  or 
succinic  acid.  Trommsdorff  assumed  that  acetic,  pyrotartaric 
and  succinic  acids  are  thus  formed,  but  Houton-Labillardike 
showed  that  the  sublimed  acid  is  a  new  compound.  The  dry 
distillation  of  mucic  acid  is  not  a  method  which  can  be  recom- 

^  Ann.  Cliem.  Fharm.  ccxi.  214. 
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mended  for  the  preparation  of  pyromucic  acid,  as  by-products 
are  formed,  and  consequently  the  yield  of  the  acid  is  small.  If 
furfurol  be  oxidized  with  silver  oxide,  about  14  per  cent,  of  the 
theoretical  quantity  of  the  acid  is  formed,  whereas  if  alcoholic 
caustic  potash  be  employed  the  yield  amounts  to  33  per  cent. 
Hence  in  order  to  prepare  this  acid,  furfurol  is  mixed  with  a 
rather  dilute  solution  of  alcoholic  potash,  and  the  mixture 
repeatedly  exhausted  with  ether  to  remove  furfuryl  alcohol. 
The  potassium  pyromucate  is  then  dissolved  in  a  small  quantity 
of  water,  a  resin  being  left  behind.  The  filtrate  is  next  heated 
with  hydrochloric  acid,  when  white  pyromucic  acid  separates  out 
on  standing  for  twenty-four  hours,  whilst  that  remaining  in 
solution  is  obtained  by  shaking  up  with  ether  (Limpricht). 

Pyromucic  acid  dissolves  in  28  parts  of  water  at  15°  and  in 
4  parts  at  the  boiling  point ;  it  cr3'"stallizes  in  long  plates  which 
melt  at  134°,  but  sublime  at  100°  in  needles. 

The  Pyromucates}  The  salts  of  pyromucic  acid  are  nearly  all 
soluble  in  water,  and  like  the  acid  itself  give  a  red  precipitate 
with  ferric  chloride. 

Ethyl  Pyromucate,  0^11303(02115),  is  obtained  by  the  action  of 
hydrochloric  acid  on  an  alcoholic  solution  of  the  acid."  It 
crystallizes  in  tables,  which  melt  at  34°  and  are  insoluble  in 
water;  it  boils  at  between  208°  and  210°,  and  it  is  not  attacked 
by  acetyl  chloride.  Ammonia  converts  it  into  the  amide, 
C^HgO.OO.NHg,^  which  may  also  be  obtained  from  the  chloride 
O^HgO.OOCl.^  The  last  named  compound  is  a  pungent-smelling 
liquid,  which  has  not  been  prepared  in  the  pure  state.^  The  amide 
forms  warty  crystals,  which  easily  sublime  in  tablets  resembling 
those  of  benzoic  acid,  and  melt  at  142°.  When  distilled  with 
phosphorus  pentachloride  ^  or  phosphorus  pentoxide,^  furfur- 
onitril,  C4H3O.ON,  is  formed,  a  liquid  smelling  like  benzonitril 
and  boiling  at  147°.  By  the  action  of  zinc  and  sulphuric  acid 
it  is  converted  into  furfurylamin,  O^Hg-CHg-NHg.  This  is  a 
powerfully  refracting  liquid,  smelling  like  coniin,  and  boiling 
at  147°. 

892  Addition  Prodacts  of  Pyromueic  Acid.  When  the  acid  is 
exposed  to  the  vapours  of  dry  bromine,  a  tetrabromide  is  formed, 

^  Beilstein  and  Schmelz,  Ann.    Chem.  Pharm.  Suppl.  iii.  285, 
^  Malaguti,  ib.  xxv.  276;  Suhiff  and  Tasssinari,  Bcr.  DciUsch.  ChcTn.  Gcs.  xi. 
1840.  ^  Schwanert,  Ann.  Chem.  Pharm.  cxvi.  282. 

*  Lies-Bodart,  Convpt.  Rend,  xlviii.  391. 
^  Limpricht  and  Rohde,  Ann.  Ghctn.  Pharm.  clxv.  280. 
^  W.illach,  Licbig\i  Ann.  ccxiv.  227,  751. 
^  Ciamician  and  Dennstedtj  ib.  1058.        ^  Cianiician  and  Dennstedt,  ib.  1475. 
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C^H^Br^Oa.  which  is  soluble  in  cold  water  and  separates  in  well- 
formed  cystals  from  its  solution  in  a  mixture  of  ether  and 
petroleum  spirit.  Keducing  agents  re-convert  it  readily  into 
pyromucic  acid,  whilst  chromic  acid  solution  oxidizes  it  to 
dibromsuccinic  acid.  Ethyl  pyromucate  also  combines  with  four 
atoms  of  bromine ;  the  compound  separating  out  from  chloroform 
in  colourless  crystals,  which  melt  at  from  46°  to  48°  and  decom- 
pose at  a  higher  temperature,  becoming  easily  reduced  again  to 
ethyl  pyromucate.^  The  ethereal  salt  combines  also  with  four 
atoms  of  chlorine,  when  a  transparent  syrup  is  obtained  having 
a  pleasant  smell  of  the  wood  of  the  allspice  tree  {Calycanthia 
floridus),'^ 

When  an  aqueous  solution  of  pyromucic  acid  is  saturated  with 
chlorine,  mucochloric  acid  is  obtained  :  ^ 

CgH.Og  +  2H2O  +  4CI2  =  C4H2CI2O3  +  CO2  +  6HC1. 

It  crystallizes  from  hot  water  in  rhombic  tablets,  which  melt 
at  125°,  Aqueous  alkalis  decompose  it  in  the  cold  into  formic 
and  a-dichloracrylic  acid. 

By  the  action  of  bromine  on  an  aqueous  solution  of  pyromucic 
acid,  a  compound  is  first  formed  to  which  Limpricht  has  given 
the  name  of  aldehyde  of  fumaric  acid  : 

C^H^Og  +  2Br2  -f  2H2O  =  C^H^Og  +  CO2  +  4HBr. 

This  forms  a  syrup,  from  which  crystals  separate  on  standing, 
It  is  a  monobasic  acid  which  on  oxidation  is  transformed  intc 
fumaric  acid  ;  ^  its  constitution  being,  therefore,  the  following ; 

p„  rcoH 

^2^2 1  CO.  OH. 

By  the  action  of  an  excess  of  bromine  mucohromic  acid 
C^HgBrgOg,  is  formed,  and  this  crystallizes  from  hot  water  ir 
glistening  laminae  which  melt  at  120°.^  When  treated  witt 
water  and  caustic  baryta,  it  yields  ^ -dibromacrylic  acid  anc 
brompropiolic  acid.®  Oxidizing  agents  transform  it  into  dibrom- 
maleic  acid :  ^ 

^  Tonnies,  Ber.  Deutsch.  Chem,  Ges.  xi.  1085. 

=*  Malaguti,  Ann,  Chem.  Fharm.  xxv.  279  ;  xxxii.  41. 

3  Schmelz  and  Beilstein,  ib.  Suppl.  iii.  279.  ^        ,    ^.y        ^ 

'  LimpriclLt,  Ann.  Chem,  PhaTin.  clxv.  285  ;  Baeyer,  Ber.  Deutsch,  Chem.  Ges 

"fi  BeiisTein  and  Schmelz,  Ann.   Chem.  Pharm.  Suppl.  iii.  276  ;  Limpricht,  ib 
clxv.  293"  ^  Hill  and  Jackson,  Ber.  Deutsch,  Chem.  Ges,  xi.  1671. 

7  'm]],'ib.  xiii.  734. 
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Substitution  Products  of  Pyromucic  Acid. 

893  Sfonohvmpyromucic  Acicl^  C^HgErOg.  When  ethyl  pyro- 
mucate  is  combined  with  two  atoms  of  bromine  and  the  product 
then  treated  with  alcoholic  potash,  two  acids  of  the  above  com- 
position are  foi'med.  Of  these  one  forms  glistening  scales  which 
melt  at  180°,  and  are  almost  insoluble  in  cold  and  dissolve 
but  little  in  hot  water.  The  second  acid  is  easily  soluble  and 
crystallizes  in  thin  needles,  which  melt  between  Ih^"  and  157''. 
When  boiled  with  acidulated  water  this  is  gradually  transformed 
into  the  first-named  acid.-^ 

DihromijyTomucic  Acid,  Q^^v^O^,  is  produced  by  the  action 
of  alcoholic  potash  on  the  tetrabromide  of  pyromucic  acid.  It 
crystallizes  in  small  scales  which  melt  at  184'" — 186°,  and 
sublime  at  a  higher  temperature.  It  is  not  attacked  by  a 
boiling  solution  of  chromic  acid,  but  it  dissolves  in  bromine 
water  with  evolution  of  carbonic  dioxide  and  formation  of  the 
aldehyde  of  mucobromic  acid,  C^HgBrgOg,  a  substance  readily 
soluble  in  water  and  crystallizing  from  ether  in  concentrically 
grouped  needles  which  melt  at  88°.  Wlieu  warmed  with 
chromic  acid  solution,  or  if  bromine  be  led  into  its  boiling 
aqueous  solution,  it  is  oxidized  to  mucobromic  acid.^ 

SidphopyromuciG  Acid,  0511303(80311),  is  obtained  by  treating 
pyromucic  acid  with  sulphur  trioxide,  and  yields  a  barium  salt, 
(C5H303)2(S03)2Ba,  which  does  not  crystallize  well.^ 

NitT02Jyroinucic  Acid,  0^113(^02)03,  is  produced  by  the  action 
of  a  mixture  of  concentrated  nitric  and  sulphuric  acids  on 
dihydromucic  acid : 

C.H^OCCO^H)^  +  NO2.OH  =  C,H2(NOo)O.C02H  +  H^O  +  CO^. 

It  is  difficultly  soluble  in  water,  but  dissolves  readily  in  alcohol 
and  crystallizes  in  transparent,  yellow,  rectangular  prisms  or 
tables  which  melt  at  183°.  By  the  action  of  tin  and  hydro- 
chloric acid  it  is  transformed  into  succinic  acid  :  * 

C,H3(N02)O.C02H  +  2H2  +  HgO  -  C^H^CCO^H)^  +  00^  -f  NH3. 

894  Tetroly  C^H^O.  This  compound,  which  is  also  known  as  te- 
traphcnol  oxfurfuran,  is  produced  by  heating  barium  pyromucate 

^  Schiff  and  Tassinari,  Bcr.  BciUsch.  Chem.  Gcs.  xi.  842  ;  1840. 
-  Tonnies,  Bcr.  Beutsch.  Chem.  Ges.  xi.  1088  ;  xii,  1202. 

*  Schwanert,  Ann.  Glicm.  Fharm.  cxvi.  268. 

*  Klinkhardt,  Joum.  Fralct,  Chem.  [2],  xxv.  51. 
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with  addition  of  a  little  soda-lime.  It  is  a  peculiarly-smellin 
liquid,  which  boils  at  32°,  and  if  a  little  be  allowed  to  evaporat 
quickly  on  a  glass  rod  a  portion  of  it  crystallizes.  It  is  m 
attacked  by  bromine  even  on  warming,  but  acids  decompose  : 
with  formation  of  pyrrol-red.^ 

Tetrol  appears  also  to  be  found  contained  together  wit 
syhmi  or  methyl-tetrol,  04X13(0113)0,  amongst  the  distillatio 
products  of  pine  wood.  Sylvan  is  a  liquid  boiling  at  63°.  It : 
not  attacked  by  sodium,  whilst  hydrochloric  acid  converts  it  int 
a  resinous  mass.  By  potassium  permanganate  it  is  oxidized  i 
acetic  acid.^ 

Pyrrol,  04H,(NH). 

895  This  compound  was  found  in  coal-tar  by  Kunge,  wt 
noticed  that  the  smallest  quantity  of  its  vapour  imparted  a  dee 
red  colour  to  a  shaving  of  pine  wood,  moistened  with  hydrc 
chloric  acid,  and  on  this  account  he  gave  the  new  substanc 
the  above  name  (from  Trfppd?,  flame-coloured).  By  this  reactio 
he  also  detected  its  presence  in  ammonia-water  of  the  gaswork 
in  the  vapours  given  off  in  the  carbonization  of  horn  and  bon 
and  in  the  so-called  oil  of  tobacco.^  He  did  not,  however,  sui 
ceed  in  isolating  this  compound,  but  this  was  accomplished  I 
Anderson,  who  separated  it  from  Dippels-oil  and  fixed  i 
formula.^  It  is  formed  in  larger  quantity,  together  with  otht 
products,  in  the  dry  distillation  of  feathers  and  of  flannel,  an 
likewise  of  several  alkaloids,^  and  it  is  also  produced  when  tli 
vapour  of  diethylamine  is  passed  through  a  tube  heated  1 
dull  redness ;  ^ 

(C,H5),NH  =  C,H,(NH)  +  3H,. 

Schwanert  then  observed  that  it  occurs  amongst  the  produci 
of  the  dry  distillation  of  ammonium  mucate  :  ^ 

0,H,(0H),(00,NH,)2  =  CAN  +  003(NH,)H  +  00^  -f  m,C 
This  decomposition  proceeds   more   readily  if    glycerine  t 

added.s     Pyrrol  is  also  produced,  and  in  large  quantity,  in  th 

dry  distillation  of  ammonium  saccharate.^ 

Pyrrol  is  a  colourless  liquid,  which  has  a  pleasant  etheret 

smell ;  it  boils  at  133°  and  wben  exposed  to  the  air  graduall 

^  Limpricht  and  Rodhe,  Ann.  Ckem.  Pharm.  clxv,  281. 

2  A.  Herberg,  Ber,  Deuisch.  Chem.  Ges.  xiii.  879. 

^  Pofjg.  Ann.  xxxi.  67.  *  Ann.  Ck^m.  Pharm.  Ixxxiii.  63 ;  cv.  349. 

5  "WiiUams,  Chcm.  Gaz.  1858,  309  and  321. 

®  Bell,  Ber.  Deutsch.  Chem,  Ges  x.  1861.         ^  Ann,  Chcm.  Pharm.  cxvi.  27J 

8  Goldschmidt,  Zeitsch.  Chem.  1867,  280. 

®  Bell  and  Lapper,  Ber.  Deuisch,  Chem.  Ges.  x.  1D61. 
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acquires  a  brown  colour.  It  is  almost  insoluble  in  water,  but 
dissolves  slowly  in  dilute  acids,  without,  however,  entering  into 
combination  with  them.  With  mercuric  chloride,  however,  it 
forms  a  crystalline  compound,  C^H^N  +  2HgCl2,  which  does  not 
dissolve  in  water.  Strong  acids  decompose  pyrrol,  with  forma- 
tion of  the  ;pyrrol-Ted  before  mentioned,  its  production  being 
explained  by  Anderson  as  follows  : 

Pyrrol-red  is  a  light,  orange-red  powder,  which  does  not  dis- 
solve in  water,  and  is  but  slightly  soluble  in  alcohol. 

Pyrrol  unites  with  nascent  hydrogen,  forming  7;?/rroZm, 
C4Hg(NH),  an  oily  liquid  that  boils  at  90° — 01°,  and  acts  as 
a  strong  base.^ 

Carhopyrrolamide,  C^H^l^gO.  By  the  dry  distillation  of  am- 
monium mucate  and  of  mucamide,  Malaguti  obtained  a  crystal- 
line body  which  he  termed pyromiicamidehiamid^c.'^  Schwanert, 
who  examined  this  substance  more  closely,  found  it  to  be  the 
amide  of  carbopyrrolic  acid,  C^H^N.COgH.^  For  its  preparation 
the  aqueous  liquid  is  separated  from  the  pyrrol  and  evaporated, 
and  the  crystals  are  repeatedly  recrystallized  from  alcohol,  the 
solution  previous  to  the  final  crystallization  being  treated  with 
animal  charcoal.  It  forms  laminse  which  are  slightly  soluble  in 
water,  possess  a  sweet  taste  (Malaguti),  melt  at  176°*5  and 
decompose  at  a  higher  temperature.  Ammonium  saccharate 
does  not  yield  any  carhopyrrolamide  (Bell  and  Lapper). 

Carbopyrrolic  acid,  C^H^N.CO^H.  The  barium  salt  of  this 
acid  is  obtained  by  boiling  the  amide  with  baryta  solution,  and 
crystallizes  in  thin,  flexible  plates.  If  concentrated  hydrochloric 
acid  be  added  to  a  cold  concentrated  solution  of  the  barium  salt, 
the  greater  part  of  free  acid  is  precipitated,  and  this  must  be 
quickly  separated  from  the  liquid.  The  residual  liquor  very 
quickly  becomes  rose-red  coloured  and  then  brown,  and  the  acid 
contained  in  it  cannot  be  separated,  as  even  on  most  careful 
evaporation  of  tlie  solution  it  is  transformed  into  pyrrol-red 
with  evolution  of  carbon  dioxide. 

Carbopyrrolic  acid  crystallizes  from  dilute  alcohol  in  small 
prisms  which  at  190°  sublime,  yielding  broad  feathery  crystals. 
At  a  slightly  higher  temperature  it  is  decomposed  into  carbon 
dioxide  and  pyrrol. 

^  Ciamician  and  Dennstedt,  Ber.  DciUccJi,.  Chcm,  Gcs.  xvi.  1536. 

^  Compt.  Ilend.  xxii.  856.  3  ji^n,  Clum.  Tharin.  csvi.  270. 
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^  895  Ethyl-pyrrol  C^H^.NC^H^,  is  produced  in  the  dry  distills 
tlon  of  the  mucate  and  of  the  saccliarate  of  ethylamine.^  It  is 
colourless  liquid  which  in  smell  resembles  p}'rrol.  It  boils  £ 
131°  and  imparts  an  intense  red  colour  to  a  pine  shaving  mois" 
ened  with  hydrochloric  acid.  It  does  not,  however,  yield  an 
pyrrol-red  when  heated  with  hydrochloric  acid. 

Together  with  ethyl-pyrrol,  ethylamine  mucate  yields  ah 
diethylcarlopyrrolamide,  05114(02115)2^20,  and  triethyldicarh 
pyrrolamide,  CgH^(C2H5)3N302 ;  but  these  products  are  nc 
obtained  from  the  corresponding  saccharate.  The  first-name 
body  crystallizes  in  prisms  which  melt  at  43° — 44° ;  it  boils  ; 
269° — 270°,  and  on  heating  with  alcoholic  potash  solution  spli 
up  into  ethylamine  and  ethyl-carho^^yrroUc  acid,  CiR^'N(C2S.^ 
COgH.  This  acid  crystallizes  from  hot  Avater  in  glistenir 
silky  needles  which  melt  at  78°  and  readily  decompose  ini 
ethyl-pyrrol  and  carbon  dioxide.  The  triethyldicarbopyrro 
amide  is  a  crystalline  mass  which  does  not  dissolve  in  wate 
It  melts  at  229° — 230°  and  on  heating  with  alcoholic  potash  1 
130°  splits  up  into  ethylamine  and  ethyl-dicarhopyrroUc  ad 
C4H2N(C2H5)(C02lI)2.  The  last  named  acid  crystallizes  froi 
alcohol  in  needles,  and  when  heated  to  250°  it  decomposes,  wit! 
out  previously  melting,  into  ethyl-pyrrol  and  carbon  dioxide. 

The  corresponding  methyl  and  amyl  compounds  have  all 
been  prepared  and  examined  by  Bell. 

Acetyl-pyrrol,  C^H^.NCgHgO.  By  acting  on  pyrrol  wit 
potassium,  potassium-pyrrol  is  produced,  and  this,  when  treats 
with  acetjl  chloride,  yields  acetyl-pyrrol.  It  is  a  liquid  whi( 
boils  at  177° — 178°,  has  a  very  peculiar  smell,  and  on  heatir 
with  potash  solution  is  split  up  into  pyrrol  and  acetic  aci 
Acetyl-pyiTol  is  also  formed  when  pyrrol  is  heated  togeth 
with  acetic  anhydride  and  anhydrous  sodium  acetate.  Tl 
principal  product  of  this  reaction  is,  however,  2^sei/dO'acehj 
pyrrol,  C\H3(C2H30)NH,  a  substance  which  was  formerly  coi 
sidered  to  be  acetyl-pyrrol  itself.^  It  crystallizes  from  ether  : 
splendid  needles,  which  melt  at  90° ;  it  boils  at  220°  and  is  n 
decomposed  by  caustic  potash  solution.  If  its  hot  aqueoi 
solution  be  treated  with  silver  nitrate  and  a  little  ammonia, 
crystalline  precipitate  is  obtained  having  the  compositic 
C,H3(C2H30)NAg.3 

1  Bell,  Ber.  Dcutsch.  Chem.  Ges.  x.  1861  ;  Bell  and  Lapper,  ib.  x.  1961. 

2  R,  Schiff,  Ber.  Deutsck.  Chem.  Ges.  x.  1500. 
'  Ciamician  and  Dennstedt,  ih.  xvi.  2348. 


612  FURFUEYL  GROUP. 


ISOMERIDES  AND   HoMOLOGUES   OF   PyEOMUCIC   AcID. 

897  Isopyromucic  Acid,  C^HgO.COgH,  is  formed,  together  ■with 
pyromucic  acid,  in  the  dry  distillation  of  ammonium  mucate. 
It  is  very  easily  soluble  in  water,  and  decomposes  carbonates  but 
slowly.  It  may  therefore  be  separated  from  pyromucic  acid  by 
exhausting  the  mixture  with  a  small  quantity  of  water,  or  the 
distillate  may  be  treated  with  barium  carbonate  and  then  shaken 
up  with  ether.  This  acid  melts  at  82°,  easily  sublimes  in  tablets 
and  yields  with  iron  chloride  a  deep  green  colouration.^ 

Fucusol,  C5H4O2.  This  compound,  which  is  isomeric  with 
furfurol,  was  obtained  by  Stenhouse  by  distilling  certain  sea 
algse  (Fuctis),  peat-moss  {Sphagnum),  and  lichens  {Usneay 
Cetraria,  &c.),  with  dilute  sulphuric  acid.  It  is  an  oil  which 
resembles  furfurol;  it  has  a  specific  gravity  of  1*150  at  13°'5, 
and  boils  at  Xl\° — 172°,  a  part  of  the  substance  being,  however, 
converted  into  a  resin.  It  differs  from  furfurol  by  being  some- 
what less  soluble  than  this  body  in  water  and  ammonia.  The 
last-named  substance  converts  it  into  fucusamide,  (C4H30.CH)3N2, 
which  crystallizes  from  alcohol  in  long  needles  ;  on  boihng  witla 
a  weak  solution  of  caustic  potash  it  is  transformed  into  its  iso- 
meride  fucusin,  a  substance  which  at  8°  dissolves  in  2,400  parts 
of  water,  and  separates  from  hot  water  in  flat  concentrically 
grouped  crystals.  It  has  an  alkaline  reaction  and  forms  crystalline 
salts.2 

Fticusoic  Acid,  or  ^-Pyromucic  Acid,  C4H3O.CO2H,  is  formed 
when  fucusol  is  boiled  with  silver  oxide  and  water,  and  crystal- 
lizes from  aqueous  solution  in  rhombic  tables  which  melt  at 
130'.^ 

Fur/uracTolcin,  C^HgO.CaHg.COH,  is  obtained  when  a  mixture 
of  furfurol  and  aldehyde  is  warmed  with  a  weak  solution  of 
caustic  soda : 


C,H30.C0H  +  CH3.COH  =  C.HgO.CH  -  CH.COH  +  H^O. 

It  crystallizes  from  hot  water  in  needles  which  have  an  odour 
resembling  that  of  cinnamon.  These  melt  at  51°  and  by  careful 
heating  may  be  sublimed.  When  boiled  with  water  and  silver 
oxide  ^  it  is  transformed  into  the  compound  next  to  be  described. 

^  Limprichtand  Rohde,  Ann.  Chcm,  Pkarm.  clxv.  256,  298, 

'^  Ann.  Chcra.  Pharm.  Ixxiv.  284. 

3  Stenhouse,  Proc.  Roy.  Soc.  xx.  80. 

*  J.  G.  Schmidt,  Bcr.  Dcutsch.  Chem,  Gcs,  xiii.  2342. 
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898  FiirfitracTylic  ^a^,  C^HgO.CgHo.COgH,  is  also  producec 
■when  a  mixture  of  furfurol,  acetic  anhydride,  and  anhydrou: 
sodium  acetate  is  heated  for  some  hours  to  the  boiUng  point : 


2GA0.C0H  +  g|3;gg}0  = 


CH3.C0 

■3- 

2C,H,0.CH  —  CH.CO.OH  +  H,0. 


4--3 


It  is  difficultly  soluble  in  cold  water,  and  crystallizes  from  ho 
water  in  long  brittle  needles  which  resemble  cinnamon  in  smell 
melt  at  135°,  and  may  be  volatilized  in  a  current  of  aqueou 
vapour. 

This  acid  is  isomeric  with  salicylic  acid.  It  combines  with  nas 
cent  hydrogen  forming  furfurpropionic  acid,  C4H3O.C2H4.CO2B 
which  has  a  strong  cinnamon-like  smell,  and  forms  ciystal 
which  melt  at  51°. 

If  to  its  aqueous  solution  one  molecule  of  bromine  and  aftei 
wards  three  molecules  of  silver  oxide  be  added,  the  silver  sal 
of  dibasic  furonic  acid,  C5Hg03(C02H)2  is  formed  ;  this  aci 
crystallizes  from  hot  water  in  needles  which  melt  at  180°,  Wit 
nascent  hydrogen  it  unites  to  form  hydrofuronic  acid,  CgHgC 
(C02H)2,  a  substance  readily  soluble  in  water  and  crystallizin 
in  needles  which  melt  at  112°.  If  this  acid  be  heated  wit 
hydriodic  acid  and  phosphorus  to  200°,  it  is  reduced  to  a-:pimel 

acid,  Q^^^{00^\> 

Furfurangelic  Acid,  C^HgO.C.He.COgH,  is  formed  by  heatm 
together  furfurol,  butyric  anhydride,  and  sodium  butyrate.  ] 
crystallizes  in  needles  which  melt  at  88°,  and  unites  with  hydn 
gen  forming  furfurvaleric  acid,  C4H3O.C4H8.CO2H.  This  lai 
named  acid  is  a  disagreeably  smelling  oil,  and  is  converted  1: 
the  action  of  bromine  and  silter  oxide  into  lutyrofiironic  aci 
C9H12O5,  a  substance  readily  soluble  in  water,  and  reduced  I 
phosphorus  and  hydriodic  acid  into  a-azelaic  acid.^ 

FurfiiT'-butylene,  C.HgO.C^Hy,  is  produced  when  isobutyr 
anhydride  is  heated  with  furfurol  and  potassium  isobutyrate,  . 
is  a  colourless  oily  liquid  which  boils  at  153°,  and  has  a  pecuU; 
odour  resembling  that  of  the  beetle  Garabus  syco^hanta?  ^  If  ■ 
its  solution  in  glacial  acetic  acid  a  concentrated  solution 
potassium  nitrite  be  added,  the  compound  C8H10O.N2O3  is  pr 
duced,a  substance  which  crystalUzes  well, and  on  reduction; 

1  Baeyer,  Ber.  Deutsche  CJiem.  Ges,  x.  355,  695,  1358.  _ 

=  Baeyer  &  Tdnnies,  Ber.  Deutsch.  Ckem.  Ges,  x.  1364  ;  Tonnies,  ib.  xii.  1200 

>  Baeyer  and  Toniiie-s  ib.  a.  1364. 
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hydrochloric  acid  solution  yields  the  hydrochloride  of  the  base 
CgHjQ0(0H)NH2.  Hence  the  addition-product  possesses  the 
formula  C,H30.C,H7.(NO)(ONO).i 

899  Constitution  of  the  Furfuryl  Compounds. — These  contain 
the  group  C4H3O,  which  in  accordance  with  Baeyer's  suggestion  is 
termed  "furfur/'  Its  constitution  may  be  arrived  at  from  the 
following  considerations.  Furfurol  acts  in  all  its  relations  in  an 
exactly  analogous  manner  to  benzaldehyde,  a  substance  which 
belongs  to  the  aromatic  group,  and  contains  its  six  atoms  of 
carbon  arranged  in  the  form  of  a  ring.  It  may  therefore  be 
assumed  that  in  the  furfuryl  compounds  the  four  atoms  of  carbon 
form  a  similar  closed  chain.  The  simplest  member  of  this  group 
is  tetrol,  C^H^O,  a  substance  which  is  not  attacked  by  the  alkali 
metals,  and  therefore  does  not  contain  hydroxy!  The  action  of 
phosphorus  pentachloride  on  pyromucic  acid  also  shows  that 
"furfur"  contains  neither  the  hydroxyl  group  nor  the  carbonyl 
group. 

The  formation  of  dehydromucic  acid  from  mucic  acid  may 
therefore  be  explained  as  follows : 

CH(0H)CH(0H)C02H      CH.C.COoH 
I  =  II      |\0       +  SH^O. 

CH(0H)CH(0H)C02H      CKCCO^H 

By  separation  of  carbon  dioxide  this  then  yields  pyromucic 
acid  and  tetrol : 

CH.CH  CH.CH 

II  i>        II  i> 

CH.C.CO2H.  CH.CH. 

Pyromucic  acid  unites  with  bromine  to  form  a  tetra- 
bromide : 

CHBr.CHBr 

I  > 

cHBr.cBr.c02H, 

whilst  on  oxidation  it  yields  fumaric  acid : 

CH.CH  CH.CO2H 

II      \0        +  30  =   II  +  CO2. 

CH.C.CO2H  CH.CO2H 

^  Tbnnies,  Ber.  Dcutsch,  Chcm.  Gcs.  xi.  1511, 
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And  the   acids  produced  from  furfuryl-acrylic  acid  will  possess 
the  following  formulae : 

Furfiirpropionic  Acid.  Furonic  Acid, 

CH.CH  CH.CO2H 

II    l>o  II 

CH.C.CH2.CH2.C02H.         CH.CO.CH2.CH2.C02H. 

a-Pimelic  Acid. 

CH^.CO^H 

CH,.CH.,.CH2.CH2.C02H. 

Pyn-ol  is  produced  by  heating  ammonium  succinate ;  and  also 
when  the  vapour  of  diethylamine  is  passed  through  a  red- 
hot  tube  : 

CH3.GH,         CH.CH 

CH3.CH2        CH.CH 
The  other  compounds  of  the  pyrrol  group  have  the  following 
constitution : 

Carbopyrrolamide.  CarbopyiTolic  acid. 

CH.CH  CH.CH 

II      |>NH  II      |>NH 

GH.aCO.NH,.  CH.C.CO.OH. 

Diethylcarbopyn-olamide.  Triethyldicarbopyrrolamide. 

CH.CH  CH.C.CO.N(CA)H 

II     |>.C,Hg  II      |>N.CA 

CH.C.CO.N(C,H,)H.        CH.C.CO.N(C,H,)H. 

900  Tetrylene-Dicarboxylic  Acid,  GJl^iGO^^)^.  The  ethylsalt 
of  this  acid,  which  is  also  known  as  hovioitaconic  acid,  is  obtained 
in  small  quantity,  together  with  that  of  ethyl-lactic  acid  and  the 
sodium  salts  of  the  two  acids,  by  the  action  of  dry  sodium 
ethylate  on  the  ethyl  salt  of  a-chlorpropionic  acid.  The 
formation  of  the  acid  is  explained  by  the  following  equation ;. 
CH3  CH3 

CO.H.CHCl         +      ^GHCl.CO^H    = 
\CH3  CH3 

CH, 
^C02H.Ch\cH.C0„H    +     2HCL 

\CH, 
203 
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The  ethyl  salt  is  a  pleasantly  smelling  liquid,  which  boils 
at  230°.  When  heated  with  strong  hydrochloric  acid  it  yields 
the  free  acid,  which  crystallizes  from  hot  water  in  rhombic 
prisms.  ^  These  melt  at  170° — 171°,  and  at  a  higher  temperature 
sublime  in  fine  needles.  This  acid  is  isomeric  with  hydromuconic 
a^iid,  from  which  it  differs  in  the  fact  that  it  does  not  unite  with 
hydrogen,  bromine,  &c.^ 
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goi  Mecfinic  Acid,  GjH.fi,j.  la  the  year  1805  this  acid  was  dis- 
covered by  Serttirner  in  opium  [Mrjfcwvcov),^  and  was  afterwards 
more  completely  examined  by  Robiquet,^  and  by  Liebig."*  It  is 
now  obtained  as  a  by-product  in  the  preparation  of  the  alkaloids 
contained  in  opium.  In  order  to  purify  the  crude  acid  it  is 
recrystallized  from  warm  dilute  hydrochloric  acid,  in  which  it  is 
iti  the  cold  less  soluble  than  in  piu'e  water.  The  acid  is  next 
converted  into  the  ammonium  salt,  and  this  is  then  decomposed 
by  hydrochloric  acid.^ 

Meconic  acid  dissolves  in  four  parts  of  boiling  water,  and  on 
cooling  the  solution  it  separates  out  in  micace(jus  scales  or  small 
rhombic  prisms,  which  contain  three  molecules  of  water  of 
crystallization,  these  being  lost  at  100°.  When  heated  more 
strongly  meconic  acid  loses  carbon  dioxide,  and  is  converted  into 
comenic  acid,  CgH^O^,  and  pjrromeconic  acid,  C^H^O.^.  Very 
minute  quantities  of  ferric  chloride  impart  a  deep  red  colour  to 
solutions  of  meconic  acid  and  its  salts.  This  colouration  is  not 
destroyed  on  addition  of  auric  chloride,  as  is  the  case  with  the 
similar  colouration  produced  by  thiocyanic  acid. 

When  sodium  amalgam  is  added  to  a  solution  of  meconic  acid, 
the  latter  takes  up  hydrogen,  and  a  non-crystallizable  acid  is 
obtained,  which  from  the  analysis, of  its  silver  salt  appears  to  be 
hexkydromeeonic  acid,  C^H^qO^J^ 

Meco)wdes.  Three  of  the  atoms  of  hydrogen  in  meconic  acid 
are   capable    of  replacement   by   metals,  and    Liebig   therefore 

^  MarkowDikow  and  Krestownikow,  Lich.  Ann.  ccviii.  333. 
^  Gilbert,  Ann.  Phya.  xiii.  1,  234  ;  xiv.  1,  47. 
'*  A/ifU  Chim.  Phys.  v.  282  ;  U.  236  ;  liii.  425. 

*  Ann.  Pharm.  vii.  237  ;  xxvi.  113,  147. 

*  Jlennel,  Journ.  Prakt.  Ghem.  [2],  xxvi.  449, 

*  V.  KorIF,  Ami.  Clian.  Pkarm.  cxxxviii.  191. 
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considered  it  to  be  a  tribasic  acid.  Later  researches  have  however 
shown  that  it  contains  ti.tgether  with  two  carboxyl  groups,  one 
hydroxyl,  the  hydrogen  of  which  can  be  replaced  by  metals. 
The  basic  salts  thus  produced  possess  a  yellow  colour. 

Normal  Fotassmm  Meconatc,  C^HgK.^O^,  is  readily  soluble  in 
hot  water,  and  separates  out  on  cooling  in  lustrous  »ilky  needles 
or  laminre.  On  the  addition  of  some  hydrochloric  acid  to  the 
cold  C()ncentrated  solution  of  the  normal  salt,  or  of  caustic  potash 
solution  to  an  excess  of  meconic  acid  solution,  the  acid  salt 
C^HsKOy  is  obtained  in  fine  needles.  If,  however,  an  excess  of 
the  caustic  potash  be  employed,  then  the  yellow  basic  salt, 
C7HK3O7,  is  thrown  down. 

Normal  Silver  Meconate,  C^HgAggO^,  is  a  snow-white  pre- 
cipitate, which  on  boiling  with  water  passes  into  the  yellow 
basic  salt,  C^HAg^O^.  The  latter  salt  is  also  formed  when  a 
solution  of  the  acid  exactly  neutralized  with  ammonia  is  pre- 
cipitated with  silver  nitrate,  the  solution  afterwards  exhibiting 
an  acid  reaction. 

Normal  Ethyl  Meconate,  G^'R^{Q^^)fi^,  is  obtained  by  passing 
a  stream  of  hydrochloric  acid  gas  into  a  mixture  of  one  part  of 
the  anhydrous  acid  and  two  parts  of  absolute  alcohol  until  the 
acid  ethyl  meconate  which  is  in  the  first  place  precipitated  is 
redissolved.  The  normal  salt  crystallizes  from  hot  water  in 
small  plates  or  flattened  prisms  which  melt  at  111°'5  (Mennel). 

Acid  Ethyl  Meconate,  G^'RJiG^^)0^,  crystallizes  from  hot 
water  in  colourless  needles  which  melt  at  179°,  and,  hke  the 
foregoing  compounds,  yields  a  red  colouration  with  ferric 
chloride.  If  silver  nitrate  be  added  to  its  solution,  silver  ethyl 
meconate,  C,H2Ag(C2H5)07  +  H^O,  is  formed,  and  this  crystalHzes 
from  hot  water  in  needles. 

To^iethyl  Meconate,  G;R{Q^^\0^,  is  prepared  from  the  salt 
Q^YLk-giGMryfi-,,  which  is  obtained  as  a  yellow  precipitate  by 
first  adding  the  requisite  (Quantity  of  silver  nitrate  to  a  hot 
solution  of  the  normal  ethyl  salt,  and  then  exactly  neutralizing 
with  ammonia.  This  precipitate  must  be  washed  and  dried  in 
the  dark.  This  is  then  heated  with  ethyl  iodide,  when  the 
triethylsalt  is  obtained,  which  crystallizes  from  dilute  alcohol  in 
prisms  melting  at  61°. 

Ethyl  Meconic  Acid,  C,H3(C,H,)0„  is  produced  when  the 
preceding  compound  is  boiled  for  some  time  with  water.  l\ 
forms  snTall  prisms,  has  a  strongly  acid  reaction,  and,  as  is  als<. 
the  case  with  the  triethyl  salt,  yields  no  colouration  with  feme 
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chloride.     It  melts  at  200°,  giving  off  carbon  dioxide.     This  acid 
is  metameric  with  acid  ethyl  meconate  : 

Ethyl  lleconic  Acid.  Acid  Ethyl  Meconate. 


n  OCgH 


ioH. 


CO.NH. 


Meconaniic  Acid,  C^HOg  {  CO.OH       The   basic    ammonium 

(  OH. 
salt  of  this  acid  is  thrown  down  as  a  yellow  precipitate  when 
an  excess  of  ammonia  is  added  to  a  concentrated  hot  solution  of 
acid  ethyl  meconate.  On  decomposition  with  hydrochloric  acid 
the  free  acid  is  produced,  and  this  separates  from  hot  water  in 
warty  concretions,  which  contain  one  molecule  of  water  of 
crystallization.  It  is  not  decomposed  by  cold  caustic  soda 
solution,  but  on  heating  the  mixture  ammonia  is  evolved  and 
sodium  meconate  produced  (Meunel). 

902  Comenic  Acid,  CgH^O^,  is  formed  when  meconic  acid  is 
heated  to  200° — 220°,  or  when  it  is  boiled  with  strong  hydrochloric 
acid.  It  dissolves  in  somewhat  above  sixteen  parts  of  boiling 
water,  and  crystallizes  out  on  cooling  in  prisms  or  plates,  which 
are  but  little  soluble  in  cold  water.  Ferric  chloride  imparts  a 
blood-red  colour  to  solutions  of  the  free  acid  and  its  salts.  Like 
meconic  acid  it  unites  with  hydrogen,  but  the  product  has  not 
been  further  examined. 

Comcnates,  Comenic  acid  is  a  monobasic  oxyacid,  and  like 
meconic  acid  forms  not  only  normal  but  also  basic  salts,  which 
almost  all  crystallize  easily. 

Eth'j/l  Gomenate,  0^511305(02115),  is  obtained  by  passing  hydro- 
claloric  acid  gas  into  absolute  alcohol  in  which  comenic  acid  is 
suspended.  It  crystallizes  from  boiling  water  in  quadratic 
prisms  which  melt  at  126°'5,  but  volatilize  at  a  lower  tempera- 
ture than  this.  Its  solution  is  coloured  a  deep  red  by  ferric 
chloride.  If  a  stream  of  nitrogen  trioxide  be  passed  into  anhydrous 
ether  containing  the  free  acid  in  suspension,  ethyl  niti-ocoonenate, 
CgH2(N02)05(C2H5),  is  obtained ;  this  forms  small  yellow  needles 
which  melt  at  147°,  and  dissolve  readily  in  hot  water.  Its 
solution  is  coloured  red  by  ferric  salts.  With  various  bases  it 
yields  yellow  salts,  which  crystallize  well.-^ 

If  ethyl  comenate  be  heated  with  acetic  anhydride  to  150'', 

^  Reibstein,  Jmirn.  Prakt,  Chan.  [2].  xxiv.  278. 
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diuji  acctocomenate,  ^.^z{OG^J^fi)0,{QO^.G^M^l  is  obtained. 
This  crystallizes  m  needles  which  melt  at  104°.  It  yields  nc 
colouration  with  ferric  chloride,  and  is  readily  split  up  by  watei 
into  acetic  acid  and  the  ethyl  salt. 

Amidocomenic  Acid,  C,H,(OH)0,(NH2)C02H,  is  produced  by 
the  action  of  tin  and  hydrochloric  acid  on  ethyl  nitrocomenate 
It  crystallizes  from  hot  water  in  lustrous  needles,  which  with  a 
little  ferric  chloride  give  an  indigo-blue  colouration,  this  being 
changed  to  red  on  the  addition  of  more  of  the  reagent.  It 
unites  with  hydrochloric  acid,  forming  a  salt  which  crystallizes 
in  micaceous  scales. 

Comenamide,  C5H2(OII)02(CO.NH2)2.  The  corresponding 
ammonium  compound  is  produced  by  the  action  of  ammonia  on 
the  ethyl  salt,  and  this  on  treatment  with  hydrochloric  acid 
yields  the  amide,  which  is  purified  by  recrystallization  from 
boiling  water.  It  forms  small  white  plates  and  contains  one 
hydrogen  atom  which  may  be  replaced  by  metals. 

Comenamic  Acid,  CgH5N04  +  2H2O,  is  isomeric  with  comen- 
amide,  and  is  obtained  by  boiling  comeoic  acid  with  an  excess 
of  ammonia : 

G,'iI^{OK)0,(CO,K)  +NH3  =  C,H2(OH)0(NH)C02l-I  +  H^O. 

The  ammonium  salt  is  of  course  formed  in  this  reaction,  and 
this  is  then  decomposed  by  hydrochloric  acid.  The  free  acid 
crystallizes  from  hot  water  in  colourless  lustrous  tables,  which 
effloresce  on  exposure  to  air,  and  its  solution  is  coloured  purple 
by  ferric  chloride.  Like  comenic  acid  it  forms  two  series  of 
salts.  When  heated  with  zinc  dust,  pyridin,  C5H5N,  is  formed, 
a  base  which  it  will  be  more  convenient  to  describe  in  the 
sequel.^ 

ChloTcomenic  Acid,  SC^HgClOg  +  SH^O,  is  formed  by  passing 
chlorine  into  water  containing  comenic  acid  in  suspension.  It 
dissolves  readily  in  water,  and  crystallizes  in  long  four-sided 
prisms,  which  lose  their  water  at  100°,  and  at  a  higher  tempera- 
ture melt  and  then  blacken  and  decompose.  It  yields  with 
ferric  chloride  the  same  colouration  as  that  given  by  comenic 
acid,  and  its  salts  are  distinguished  from  the  corresponding 
comenates  by  their  greater  solubility.^ 

Bromcmncnic  Acid,  SCgH^BrOg  +  SHoO,  is  obtained  by  the 

^  Lieben  and  Haitinger,   Ber.  Dcnisch.  Chem.  Gcs.  xvi.  1263.     See  also  Ost, 
Journ.  Prakt.  Ohem.  [2],  xxvii,  257. 

^  How,  Bdinb.  FMLTram,  xx.  part  II.  225. 
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action  of  bromine  water  on  comenic  acid  or  meconic  acid.  It 
resembles  chlorcomenic  acid,  but  is  less  soluble  than  the  last- 
named  acid.^ 

By  the  continued  action  of  bromine  and  water  an  acid  is 
obtained  which  lias  the  empirical  formula  of  dibrompyromeconic 
acid ;  but  it  cannot  be  this,  as  on  heating  with  water  it  is  easily 
transformed  again  into  monobrommeconic  acid.  Mennel  assumes 
that  it  contains  an  atom  of  bromine  replacing  the  hydrogen  of 
the  hydroxyl,  and  terms  it  therefore  hroiiioxylbromcovienic  acid, 
C5HBr09(OBr)C02H.  It  dissolves  readily  in  water  and  alcohol, 
and  crystallizes  in  fine  rhombic  tables.  Its  solution  does  not 
yield  any  immediate  colouration  with  ferric  chloride,  but  on 
longer  standing,  or  at  once  on  heating,  the  liquid  assumes  a  red 
colour,  bromcomenic  acid  being  formed.^ 

When  the  last-named  acid  is  boiled  with  hydrochloric  acid  or 
hydrobromic  acid,  oxycomcnic  acid,  C5H02(OH)2C02H,  is  formed. 
It  crystallizes  from  water  either  in  long  needles  which  contain 
three  molecules  of  water,  or  in  short  prisms  which  contain  only 
one  molecule  of  water  of  crystallization.  With  ferric  chloride 
it  first  gives  a  blue  colouration,  which  changes  to  red  on  further 
addition  of  the  reagent.  It  is  a  monobasic  acid,  but,  like  meconic 
acid,  it  forms  three  series  of  salts.^ 

903  Fyromeccnic  Acid,  CgH^Og,  was  discovered  by  Sertiirner 
in  1817,  but  was  for  some  time  considered  to  be  identical  with 
meconic  acid,  its  individuality  being  first  recognized  by  Bobiquet.'* 
For  its  preparation  anhydrous  meconic  acid  is  heated  to  300° 
or  higher,  and  a  current  of  carbon  dioxide  is  passed  through  the 
apparatus  in  order  to  bring  the  pyromeconic  acid  ■  into  the 
receiver  and  to  prevent  the  temperature  rising  to  too  high  a 
point.  The  distillate  contains  some  acetic  acid,  comenic  acid,^ 
and  other  products.  In  order  to  purify  it,  the  acid  is  redistilled 
in  small  quantities  at  a  time,  and  is  then  crystallized  from  hot 
water.^ 

Pyromeconic  acid  crystallizes  in  large  prisms  which  melt  at 
117°  and    dissolve   readily  both  in  water  and  alcohol.      They 

^  Ami.  Chem.  Fharm.  Ixxx.  85  ;  Ixxxiii.  356. 

2  Journ,  Prakt.  Chem.  [2],  xxvi.  466. 

3  Ost,  Ih.  [li],  xxiii.  440. 

^  Ann.  Chcvi.  PharTn.  v.  90. 

^  This  ^Yas  at  first  considered  to  be  paracomenic  acid  (Stenhouse,  Chem.  Soc. 
Mem,  ii.  (1844),  1),  but  Ost  has  found  that  the  substance  is  identical  with 
comenic  acid. 

^  Ost,  Journ,  Prakt.  Chem,  [2],  xix.  177. 
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sublime  even  at  the  ordinary  temperature,  but  more  readily  £ 
100°.  and  the  liquid  boils  between  227°  and  228°.  The  aqueoi; 
solution,  which  has  only  a  weak  acid  reaction,  yields  with  ferri 
chloride  a  blood-red  colouration. 

Pyromcmiates,  Pyromeconic  acid  does  not  contain  the  cai 
boxyl  group,  but  an  hydroxyl,  the  hydrogen  of  which  can  b 
replaced  by  metals.  The  compounds  so  formed  unite  with 
second  molecule  of  pyromeconic  acid  to  form  the  so-called  aci 
salts.  All  the  pyromeconates  are  unstable  bodies.  The 
darken  on  exposure  to  light,  and  are  decomposed  when  boile 
with  water.  The  alkaline  salts  readily  decompose  in  presenc 
of  free  alkali,  formic  acid  being  produced  (Ost). 

When  pyromeconic  acid  and  acetyl  chloride  are  heate 
together,  acetopyromeeonic  acid,  CgHgOgCOCgHgO),  is  produced 
it  forms  colourless  prisms,  which  melt  at  91°  and  dissolve  readil 
in  water,  but  on  heating  the  solution  it  is  easily  split  up  int 
pyromeconic  and  acetic  acids.  The  solution  does  not  yield 
colouration  with  ferric  chloride. 

When  hydrochloric  acid  gas  is  passed  into  an  ethereal  solutio: 
of  pyromeconic  acid,  the  compound  C5H403,HC1  separates  ou 
in  small  needles.  Water  decomposes  this  product  into  it 
constituents. 

If  concentrated  sulphuric  acid  be  added  to  an  ethereal  solu 
tion  of  pyromeconic  acid,  the  following  compounds  are  producei 
according  to  the  quantity  added  :  viz.,  either  CgH^OgjSO^H, 
crystallizing  in  needles,  or  2(C5H40g),S04H2,  obtained  in  thi 
form  of  prisms.  Both  substances  are  at  once  decomposed  b' 
water  (Ost). 

Concentrated  nitric  acid  acts  energetically  on  pyromeconi 
acid,  large  quantities  of  prussic  acid  and  some  oxalic  acid  bein* 
formed.-'-  Under  certain  conditions  nitromeconic  acid,  shorth 
about  to  be  described,  is  produced. 

904  Brompyromeconic'  Acid,  CgHgBrOg,  is  formed  by  th( 
action  of  bromine  water  on  an  aqueous  solution  of  pyromeconic 
acid,  and  crystallizes  from  hot  water  in  short  prisms  or  tables 
Its  solution  yields  a  deep  red  colouration  with  ferric  chloride.^ 

lodopyromeconic  Acid,  C5H3IO3.  On  the  addition  of  chloride 
of  iodine  to  a  solution  of  pyromeconic  acid  the  iodo-acic 
separates  out  in  small  colourless  plates.  These  are  readil} 
soluble  in  hot  water,  and  their  solution  acquires  a  dark-rec 
colour  on  addition  of  ferric  chloride.     By  using  an   excess  oJ 

^  Brown,  Phil.  Mag.  [4],  viii,  201.  ^  Browu,  Chem,  Soc.  Joufn,  vi,  78. 
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chloride  of  iodine,  Brown  obtained  a  yello-w  crystalline  precipitate 
which  he  described  as  iodomecone,  CgH^IgOg,  but  doubtless  this 
product  was  simply  iodoform  : 

CsH.Og  -h  7IC1  +  SH^O  =  2CHI3  +  3CO2  +  HI  +  7HCL 

Nitrc/pyromcconic  Acid,  CgIl3{N02)03,  is  obtained  by  adding 
from  2  to  3  parts  of  pure  concentrated  nitric  acid  to  a  well- 
cooled  solution  of  4  parts  of  pyromeconic  acid  in  12  parts  of 
glacial  acetic  acid.  At  first  crystals  separate  out,  which  probably 
consist  of  meconic  nitrate.  AJler  a  short  time,  however,  a 
powerful  reaction  commences,  and,  on  cooling,  the  nitro-com- 
pound  separates  out  in  crystals.  These  are  purified  by  recrys- 
tallization  from  hot  absolute  alcohol,  the  solution  being  quickly 
cooled,  as  on  long  heating,  either  with  alcohol  or  water,  the 
compound  is  decomposed.  It  forms  small  light  yellow  prisms, 
which  are  but  difficultly  soluble  in  cold  water.  Its  solution  has 
a  deep  yellow  colour,  and  yields  a  blood-red  colouration  with 
ferric  chloride.  Nitropyromeconic  acid  is  monobasic,  forming 
yellow  salts,  which  explode  when  heated. 

Amidopyromeconic  Acid,  C5H.^(NH2)03.  If  the  nitro-acid 
just  described  be  treated  with  tin  and  dilute  hydrochloric  acid, 
and  the  tin  be  then  precipitated  with  sulphuretted  hydrogen, 
a  solution  is  obtained  of  the  hydrochloric  acid  compound  of 
amidomeconic  acid,  which  on  evaporation  is  obtained  in  large 
rhombicprisms, having  the  composition  C5H3(NH2)03,HC1h-H20. 
This,  when  treated  with  ammonia,  yields  the  amido-acid,  which 
crystallizes  from  hot  water  in  long  needles.  Its  neutral  solution 
yields,  with  a  little  ferric  chloride,  a  beautiful  indigo-blue 
colouration ;  on  further  addition  of  the  reagent,  the  colour 
becomes  green,  and  then  blood-red.  The  solution  reduces  silver 
nitrate  with  separation  of  metallic  silver.^ 

Nitrosopyromeconic  Acid,  €5113(^0)03.  If  absolute  ether  be 
saturated  with  nitrogen  trioxide,  and  the  solution  then  shaken 
up  with  a  little  finely -powdered  pyromeconic  acid,  the  liquid, 
which  is  at  first  clear,  afterwards  deposits  an  orange-yellow 
crystalline  ^xecv^ii^ie  oinitrosodi]}yromeconic  acid,  Q^^{^0)0^-^ 
C5H,03,  which,  by  the  further  action  of  nitrogen  trioxide,  is 
converted  into  nitrosopyromeconic  acid. 

Nitrosodipyromeconic  acid  is  stable  only  in  absence  of  light, 
in  the  presence-' of  which  it  is  decomposed  with  formation  of 
prussic   acid.      This   last-named  acid,  together   with  nitrogen 

1  Ost,  Journ,  Prakt  Chem,  [2],  xix.  177. 
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trioxide,  carbon  dioxide,  and  other  gases,  is  also  formed  wher 
the  aqueous  solution  of  the  nitroso-acid  is  evaporated,  then 
being  produced  at  the  same  time  smeary  decomposition-pro- 
ducts, free  pyromeconic  acid,  and  a  compound  of  equal  moleculei 
of  the  last-named  acid  and  oxypyromecazonic  acid  (Ost), 

905  OxypyromecawnicAcid^G^.^O^,  The  double  compounc 
just  described  is  obtained  in  larger  quantity  when  the  nitrosO' 
compound  is  mixed  with  water  to  a  paste,  and  sulphur  dioxide 
passed  in.  It  crystallizes  in  acute  moaoclinic  tables,  and  is 
only  difficultly  soluble  in  cold  water.  When  boiled  with  chlorO' 
form,  pyromeconic  acid  passes  into  solution,  and  the  samt 
decomposition  takes  place  when  heated  alone  to  120°. 

Oxypyromecazonic  acid  crystallizes  from  hot  water,  either  ir 
dazzling  white  needles  which  contain  one  molecule  of  crystalliza 
tion  water,  or  in  the  anhydrous  form  in  short  prisms.  It  occur; 
less  frequently  in  needles  containing  two  molecules  of  water  o 
crystallization.  Like  pyromeconic  acid,  it  forms  two  series  0 
salts,  uniting  with  acids  more  easily  than  the  former  acid 
Ferric  chloride  imparts  to  its  solution  an  intense  dirty  viole" 
colour,  and  its  alkaline  solution  yields  on  exposure  to  the  air  i 
fine  blue  precipitate,  which,  however,  soon  becomes  discoloured 

Pyromecazonic  Acidy  CgH^^NOg,  is  formed  in  small  quantity 
together  with  the  amido-acid,  in  the  reduction  of  the  nitro-acid 
It  is,  however,  better  obtained  by  the  action  of  hydriodic  acic 
on  oxypyromecazonic  acid.  It  crystallizes  in  fine  rhomic  tables 
and  forms  a  diacetyl  compound. 

906  Pyromecazone,  C5H3NO3,  is  produced  when  concentratec 
nitric  acid  is  added  to  pyromecazonic  acid  suspended  in  ether 
the  whole  being  kept  well  cooled.  The  product  is  insoluble  ii 
ether,  but  dissolves  readily  in  water.  The  solution  stains  th( 
skin  violet,  and  has  a  peculiar  smell,  somewhat  resembling  tha 
of  iodine.  It  crystallizes  from  absolute  alcohol,  or  from  spirit 
in  small  needles,  containing  one  molecule  of  alcohol.  Pyro 
mecazone  passes  readily  into  pyromecazonic  acid  by  the  actioi 
of  sulphurous  acid. 

When  the  last-named  acid  is  treated  with  nitric  acid  in  th( 
presence  of  glacial  acetic  acid,  the  pyromecazone  which  is  firs 
formed  passes  into  solution  on  further  addition  of  nitric  acid 
and  after  a  short  time  compact  yellow  prisms  of  nitropyromecazone 
C5H2(N02)]Sr03  +  H2O,  separate  out.  In  aqueous  solution  thii 
substance  decomposes  slowly  in  the  cold,  and  quickly  if  heatec 
to  30°-40°,  carbon  dioxide  being  evolved,  and  nilropyromecazoni 
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acid,  G^1I^(N0^)'N0^,  being  precipitated.  This  acid  may,  how- 
ever, be  obtained  in  larger  quantity  and  without  the  evolution  of 
gas  by  reduction  v>ith  sulphur  dioxide.  It  is  a  monobasic  acid 
which  crystallizes  from  solution  in  a  large  quantity  of  water,  in 
golden-yellow  tablets.  With  ferric  chloride  it  yields  a  blood- 
red  colouration.^ 


907  Chelidonic  Acid,  C^H^Oq,  was  'discovered  by  Probst  ^  in 
celandine  (Chelidonmm  mojus),  and  more  closely  examined  by 
Lerch.^  It  is  contained  in  largest  quantity  at  the  time  of 
flowering,  and  occurs  partly  in  the  free  state  and  partly  as 
calcium  salt,  together  with  malic  acid.  It  is  somewhat  difficultly 
soluble  in  cold,  but  dissolves  readily  in  hot,  water,  and  on  slow 
evaporation  separates  out  in  silky  needles  containing  one  and  a 
half  molecules  of  water.  On  slowly  cooling,  it  is  obtained  in 
small  interlaced  needles  which  contain  one  molecule  of  crystal- 
lization water.  "When  exposed  to  air  it  slowly  becomes  anhydrous. 
On  heating  to  150°  it  loses  water,  and  above  220°  carbon  dioxide 
is  evolved,  a  new  acid  being  formed  which  has  not  been  more 
closely  examined. 

Chelidonic  acid  differs  from  meconic  acid  by  containing  one 
atom  less  oxygen.  Like  the  last-named  acid  it  forms  three  series 
of  salts-,  those  containing  two  equivalents  of  metal  being  the 
most  stable. 

Potassium  Chelidonate,  GyHgKgOg,  crystallizes  in  small,  easily 
soluble  needles.  If  caustic  potash  be  added  to  its  solution,  a 
yellow  crystalline  precipitate  of  the  salt  CyHKgOg  is  produced. 

Barium  chloride,  lead  acetate,  and  silver  nitrate  yield 
amorphous  yellow  precipitates  when  added  to  an  ammoniacal 
solution  of  the  acid. 

According  to  Lieben  and  Haitinger,  however,  these  so-called 
tribasic  salts  of  chelidonic  acid  belong  to  a  new  acid,  produced 
by  taking  up  the  elements  of  water  and  containing  two 
hydroxyls  besides  two  carboxyl  groups,  this,  new  acid  in  the 
free  state  readily  passing  into  chelidonic  acid. 

If  chelidonic  acid  be  boiled  with  ammonia,  chclidonamic  acid, 
CyHyNOg,  is  produced,  a  body  standing  in  the  same  relation  to 
chelidonic  acid  as  comenamic  acid  to  comenic  acid,  and  like  the 
first-named,  yielding  pyridin  when  heated  with  zinc  dust.* 

1  Ost,  Journ.  PraU.  Chem.  [2],  xxiii.  263. 

2  Ann.  Oiciri.  Pharm.  xxix.  116.  3  Jb.  Ivii.  273. 

4  Lieben  and  Haitint^er,  Ber,  Dcut^ich.  Cliem.  Ges.  xvi.  1259  ;  Lietzenmayerj 
Journ.  PraU.  Chcm.  [2],  xxvii.  292. 
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By  boiling  -vvith  lime,  chelidonic  acid  is  completely  resolvec 
into  acetone  and  oxalic  acid  (Lieben  and  Haitinger),  and  fron 
this  the  following  constitutional  formula  for  chelidonic  acid  ma; 
be  deduced : 


CO.OH 

CO.OH 

C~CH 

1       1 

1 
CO.OH 

CH, 

0     CO 

1    1 

+     SHjO 

CO.OH 

+    CO 

1 

C=CH 
1 

CO.OH 

CH, 

CO.OH 

As  "will  be  further  explained  under  pyridin,  the  above  formul 
explains  in  a  simple  manner  the  relation  between  these  tw 
bodies. 


Acids  deeived  from  Potassium  Carboxide. 

908  Berzelius  and  Wohler  were  the  first  to  observe  that  in  th 
preparation  of  potassium  by  Brunner's  method  a  grey  or  blac' 
porous  mass  is  formed.  Gmelin  noticed  that  this  body  change 
colour  on  exposure  to  air,  first  becoming  green  and  afterward 
yellow;  and  by  the  addition  of  a  small  quantity  of  water  h 
obtained  a  yellow  solution,  whilst  a  cochineal-red  powd^ 
remained  behind,  a  substance  which  had  already  been  notice 
by  Berzelius  and  Wohler.  In  the  solution  he  ascertained  th 
presence  of  the  potassium  salt  of  a  peculiar  acid,  and,  as  th 
acid  itself  as  well  as  many  of  its  salts  exhibited  a  yellow  colon 
he  gave  to  it  the  name  of  croconic  acid  (from  KpoKov,  saffron).^ 

This  subject  was  then  further  investigated  by  Liebig,  wt 
stated  that  he  had  already  expressed  the  opinion  that  carbc 
monoxide  could  be  regarded  as  a  radical,  of  which  caxbonic  aci 
and  oxalic  acid  were  oxidation  products,  whilst  phosgene  was  i 
chlorine  compound.  He  then  continued  :  "  In  the  pursuit  < 
this  idea  I  have  arrived  at  most  remarkable  and  interestir 
results,  which  would  seem  to  prove  that  these  resemblances  a] 
not  confined  to  the  compounds  just  described."  He  found  in  fa< 
that  pure  carbon  dioxide  combines  with  heated  potassium,  forn 
ing   a   black   mass   which    is  violently  decomposed    by  wate 

^  Pogg.  Ann,  iv.  31. 
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hydrogen,  being  evolved,  together  with  Bome  hydrocarbon,  as  the 
gas  burns  with  a  strongly  luminous  flame.  On  evaporating  the 
solution  he  obtained  potassium  croconate,  and  potassium  oxalate, 
and  at  the  same  time  he  noticed  the  formation  of  the  cochineal- 
red  body.^ 

E.  Davy  then  pointed  out  that  when  the  potassium  carboxide 
formed  in  the  preparation  of  potassium  is  treated  with  water, 
the  hydrogen  evolved  contains  a  "  new  gaseous  bicarburet  of 
hydrogen,"  afterwards  recognized  as  acetylene.^ 

At  the  same  time  Heller  examined  the  cochineal-red  sub- 
stance and  found  it  to  be  the  potassium  salt  of  an  acid  which 
he  termed  rhodizo7iic  acid  (from  poSi^co,  I  colour  rose  red),  because 
its  salts  exhibit  a  colour  varying  from  rose -red  to  a  deep  carmine- 
red.^  He  also  further  examined  croconic  acid,  and  these  two 
acids  were  then  made  the  subjects  of  investigation  by  several 
other  chemists. 

By  passing  carbon  monoxide  over  warmed  potassium,  Brodio 
found  that  at  about  80°  arborescent  crystalline  growths  made 
their  appearance  on  the  metal,  the  whole  finally  forming  a  grey 
crystalline  mass.  Up  to  this  point  the  absorption  of  gas  was 
slow,  but  after  this  the  action  became  violent,  and  the  grey  mass 
was  transformed,  with  evolution  of  heat,  but  without  change  of 
form,  into  the  dark  red  compound  (COK)jj,  a  substance  decom- 
posed by  water  with  extreme  violence,  and  often  undergoing 
sudden  spontaneous  decomposition.  As  the  grey  compound 
formed  at  first  is  so  easily  decomposed,  it  has  not  been  found 
possible  to  obtain  it  in  the  pure  state  ;  its  formula,  however,  is 
most  probably  (C0K2)n.^ 

Lerch,  who  employed  the  potassium  carboxide  obtained  in 
the  preparation  of  potassium,  found  that  this  substance  is  not 
affected  by  dry  air,  but  that  in  moist  air  it  oxidizes,  the  black 
mass  becoming  first  grey,  then  again  black,  and  passing  through 
green  and  red  until  finally  it  becomes  yellow.  No  further 
change  then  takes  place,  and  the  product  yields  only  croconic 
and  oxalic  acids.  If,  however,  the  black  mass  be  treated  with 
hydrochloric  acid,  air  being  excluded,  colourless  trihydro- 
carboxylic  acid  is  produced : 

CioKioOio  +  lOHCl   =    Ci„H,„0,„  +  lOKCl. 


^  Ann.  Chem.  Pharm.  xi.  182.  ^  j^y.-^^  Assoc.  Hi-ports,  1836,  p.  62. 

^  Journ.  Prakt,  Chcm.  iii.  193.  *  Chcm.  Sac.  Joicrn.  xii.  269. 
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From  this  reaction  it  might  be  assumed  that  potassium  ca] 
boxide  is  the  potassium  salt  of  this  acid.  But  as  this  acid  : 
tetrabasic,  potassium  carboxide  must  contain  six  potassium  atoa 
combined  in  a  different  manner  to  the  rest.^ 

The  action  of  water  upon  potassium  carboxide  is  very  diffe: 
ent  from  that  of  hydrochloric  acid.  Equal  volumes  of  hydroge 
and  acetylene  are  evolved  and  potassium  rhodizonate  is  forme 
together  with  caustic  potash.  To  explain  the  reaction  "whic 
takes  place  it  must  be  assumed  that  potassium  carbonate 
also  formed : 

2CioHioO,o  +  12H2O  =  3H2  +  3C2H2  +  2G,lI,Kfi,  + 
8K0H  -h  4CO3K2. 

909  TrihydrocarloxyliG  Acid,  G-^^ifii^y  is  best  obtained  I 
reducing  the  compound  next  to  be  described  by  means  of  zinc  ai 
sulphuric  acid  or  sulphuretted  hydrogen.  That  it  may  also  ] 
got  from  freshly  obtained  potassium  carboxide  has  alreac 
been  stated.  In  its  preparation  air  must  be  excluded, 
crystallizes  in  needles  possessing  a  silky  lustre,  and  dissolv 
much  more  readily  in  water  than  in  alcohol.  The  solution  e 
hibits  an  acid  reaction.  In  the  moist  state  or  in  solution 
acquires  a  red  colour  by  absorption  of  oxygen,  and  this  is  al 
the  case  with  its  salts. 

Dihydrocarboxylic  Acid,  C^^fi^^,  is  the  first  product 
oxidation  of  the  preceding  compound.  For  its  preparatic 
potassium  carboxide  is  decomposed  in  presence  of  air  by  mea 
of  alcohol  containing  hydrochloric  acid,  and  the  red  soluti< 
produced  is  evaporated.  It  forms  either  pure  black  crystj 
exhibiting  a  metallic  lustre,  or  thin,  transparent  yellow  trichrc 
crystals.  These  do  not  alter  on  exposure  in  the  air,  provid 
this  be  free  from  ammonia.  The  acid  dissolves  readily  in  h 
water,  the  solution  exhibiting  a  red-violet  dichroism.  Its  sa 
oxidize  readily,  forming  compounds  of  the  following  acid. 

Carhoxylic  Acid,  Q^^fi-^^,  is  not  known  in  the  free  state,^  ; 
when  its  salts  are  decomposed  by  acids,  it  is  converted  in 
rhodizonic  acid  by  taking  up  water  : 

Fotassium  Carboxylates,  The  normal  salt,  G^^fi^^,  is  red 
colour  and  is  obtained  by  the  oxidation  of  the  black  potassii: 

1  Lerch,  JVien,  Akad,  Bcr.  xlv.  [2],  721 ;  Abstract,  Ann,  Chem,  Plat 
cxxiv.  20. 
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dihydrocarboxylate.  The  monacid  salt,  C^QHRgO^Q,  forms  green 
crystals,  whilst  the  diacid  salt,  G^oK^Kfi^^,  is  a  red  powder. 

910  Eliodizonic  Acid,  C^H^Og,  forms  hard,  colourless  crystals 
containing  one  molecule  of  water  of  crystallization,  which  they 
lose  at  100°,  and  then  become  black.  The  acid  dissolves  readily 
in  water  and  alcohol,  and  its  aqueous  solution,  on  warming,  be- 
comes first  yellow-coloured  and  then  red.  Its  salts  have  been 
examined  by  Will.^ 

Add  Potassium  Bliodizonate,C^^fiQ-{''K^O,ioYm^  a  soft, 
cochineal-red-coloured  powder.  It  is  difficultly  soluble  in  cold, 
but  dissolves  more  readily  in  hot  water.  Its  neutral  solution 
has  a  dark  reddish-yellow  colour,  which  changes  to  a  pale 
yellow  on  addition  of  an  alkali.  When  heated  to  between 
120°  and   150°  it  loses  its  water  of  crystallization. 

Arid  Barium  FJiodizonate,  CgHgBaOg  +  HgO,  is  obtained  as 
a  beautiful  red  precipitate  by  adding  barium  chloride  to  a  solu- 
t.on  of  the  potassium  salt.  On  drying  it  forms  a  dark  brown 
powder,  which  acquires  under  the  burnisher  a  cantharidine 
lustre. 

Silver  Rhodizonate,  C^HAggOg,  is  formed  as  a  dark  purple-red 
precipitate  by  addition  of  silver  nitrate  to  a  solution  of  the 
potassium  salt,  tlie  latter  solution  which  was  at  first  neutral  thus 
acquiring  an  acid  reaction.  Rhodizonic  ^.cid  is  therefore  a 
tribasic  acid,  exhibiting  a  close  analogy  to  orthophosphoric  acid. 

gii  Groconic  Acid,  C5H.2O5.  This  acid,  which  has  been 
carefully  examined  by  Will  and  Lerch,  is  formed  when  an 
alkaline  solution  of  rhodizonic  acid  is  evaporated  : 

At  the  same  time  oxalic  acid  is  formed  together  with  a  brown 
smeary  mass. 

It  crystallizes  from  water  or  alcohol  in  pale  sulphur-yellow 
grains  or  plates,  which  contain  three  molecules  of  water  and 
have  a  bitter  acid  taste.  Its  salts  have  been  examined  by 
Gmelin,  Heller,  Will,  and  Lerch. 

Potassium  Croconate,  Cj^KgO^,  crystallizes  from  hot  water  in 
reddish-yellow  needles  which  contain  water.  These  are  but  little 
soluble  in  cold  water,  and  do  not  dissolve  in  alcohol.  In  taste 
it  resembles  saltpetre,  and  it  loses  its  water  of  crystallization 
below  100°,  becoming  of  a  light  lemon-yellow  colour. 

^  Ann,  Chem.  Pharm.  cxviii.  187. 
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The  hariuiii  and  calciicm  salts  are  lemon-yellow  precipitates 
■whilst  the  strontium  salt  crystallizes  in  plates  which  are  readily 
soluble  in  water  and  alcohol. 

Copper  Croconate,  CgCuOg-h  SHgO.  This  characteristic  salt  ii 
produced  when  hot  solutions  of  potassium  croconate  and  coppe: 
sulphate  are  mixed  together.  On  cooling  it  separates  out  ii 
small  rhombic  prisms,  the  faces  of  which  have  a  semi-metalli< 
lustre  and  exhibit  a  deep  blue  reflection.  By  transmitted  ligh 
it  has  an  orange-brown  colour.  An  admixture  of  smaller  crystal 
also  formed  presents  the  appearance  of  a  dark  violet  powdei 
When  powdered  the  salt  has  a  lemon- yellow  colour,  and  accord 
ing  as  it  is  more  finely  powdered  it  exhibits  to  a  greater  degrei 
its  peculiar  power  of  reflecting  light.^ 

Silver  Croconate,  ^5^E^^f,y  ^^  ^^  orange-red  powder,  whic] 
when  heated  decomposes  with  evolutions  of  sparks. 

Hydrocroconic  Acid,  C^H^Og,  is  produced  when  croconic  aci( 
is  heated  with  hyJriodic  acid,  and  if  the  product  be  poured  int^ 
alcoholic  potash  solution,  the  potassium  salt  is  precipitated.  I 
this  be  decomposed  with  an  acid  and  then  treated  with  alcohol 
ether,  a  yellow  solution  of  hydrocroconic  acid  is  obtained,  and  o; 
evaporation  the  acid  remains  as  a  yellowish-brown  viscid  mass 
exhibiting  a  strong  acid  reaction. 

Potassium  Hydrocroconate,  C^HgKgOjj,  crystallizes  from  ho 
water  in  red  needles,  the  faces  of  which  exhibit  a  bluish-viole 
lustre.  Its  blood-red  solution  acquires  a  yellow  colour  in  the  ai] 
and  this  takes  place  quickly  in  presence  of  an  alkali,  potassiur 
croconate  being  formed  together  with  a  little  potassium  oxalate 
Barium  Hydrocrcconate,  CeHgBaOg,  is  a  beautiful  peony-re^ 
crystalline  precipitate,  which  is  insoluble  in  acetic,  but  dissolve 
in  hydrochloric  acid.  If  the  solution  be  warmed  barium  crc 
conate  crystallizes  out  (Lerch). 

Eydrothiocroconic  Acid,  C^IT^SO^,  is  produced  by  the  actio 
of  sulphuretted  hydrogen  on  croconic  acid.  It  forms  a  reddist 
yellow  gum-like  mass,  which  dissolves  readily  in  water  and  ha 
a  strongly  acid  reaction.  It  is  a  dibasic  acid.  The  salts  of  th 
alkali-metals  are  readily  soluble,  and  crystallize  in  garnet-re 
needles  with  bluish-green  and  violet  lustre;  the  other  sail 
form  red  precipitates.  By  the  action  of  alkalis  these  salts  ai 
transformed  into  croconates  (Lerch). 

Oxycroccnic  Acid,  CsHgOg,  was  obtained  by  Will  by  the  actio 
of  chlorine  or  nitric  acid  on  potassium  croconate,  and  he  terme 

1  L.  Gmulin,  Ann.  Chem.  Pkarm.  xxxvii.  58. 
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it  hucmiic  acid.  It  forms  a  gum-like,  readily  soluble  mass,  ■which 
when  heated  to  100°  or  treated  with  reducing  agents  again  forms 
croconic  acid.  The  acid  lootassiitm  salt,  CgH^KOg,  is  obtained 
as  a  difficultly  soluble  precipitate  by  saturating  a  concentrated 
solution  of  the  acid  with  potassium  carbonate.  The  harmm 
salt,  (G^Hfi^fia^,  is  a  yellowish-white  precipitate,  whilst  the 
silver  salt,  C^H-AggOg,  is  a  li^ht  yellow  precipitate  which  when 
dried  at  100°  acquires  a  greenish-yellow  colour  (Will). 

The  oxycroconates  are  easily  retransformed  into  croconates, 
especially  if  an  alkali  be  present  (Lerch). 

Nothing  is  known  as  to  the  constitution  of  the  remarkable 
compounds  which  have  been  described  in  the  four  preceding 
pages. 


TETRINIC    ACID    GROUP- 

912  The  compounds  of  this  group  were  discovered  by  E. 
Demara9ay,  who  obtained  them  by  the  action  of  bromine  on  the 
ethyl  salts  of  methylacetacetic  acid  and  its  homologues,  and  sub- 
sequent treatment  of  the  product  with  alcoholic  potash.^  The 
acids  so  obtained  exhibit  the  following  remarkable  composition : 

Tetrinic  acid,  (0^11402)31120. 
Pentinic  acid,  (0^11^02)31120. 
Hexinic  acid,  (C0HgO2)3H2O. 
Heptinic  acid,  (0711^(^02)31120. 

Still  more  remarkable  appears  to  be  the  composition  of  the 
salts  of  these  acids.  Thus  tetrinic  acid,  obtained  from  ethyl 
methylacetacetate,  yields  amongst  others  the  following : 

5(C,H,0,)2(NHJ,0. 
5(G,H,0,)2Ag,0. 
5(C,H,02)2BaO. 
2(C,H,02)BaO,H20,  &c. 

Tetrinic  acid  would  have  the  followins:  constitution : — 


CO— CO 


CHg— CHg" 


1  J7in.  Chivi.  Fhys.  [5],  xx.  433. 
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or,  including  the  water  which  it  contains : — 

HO  — 0  — O  — C  — O  — C  — OH 


CH2  CO    CH,GO    CO2CO 


CH2  CH  CH^ 

As  these  acids  all  crystalHze  well  and  are  produced  by  so  simpL 
a  reaction,  the  above  formulae  do  not  appear  very  probable,  an( 
consequently  the  subject  has  been  further  investigated  b^ 
Pawlow^  and  Fittig,  and  Schultz."'  These  chemists  find  tha 
tetrinic  acid  has  the  constitution  CgHgOg,  being  formed  fron 
ethyl  monobrommethylacetacetate  by  spontaneous  decomposi 
tion,  slowly  in  the  cold  and  more  quickly  on  heating,  accordin* 
to  the  following  equation : 

C4H,BrO.CO.OC2H5  4  H^O  =  C.H.O.CO.OH 
+  BrH  +  C2H,.0H. 

It  is,  like  its  homologues,  a  monobasic  acid,  being  most  proba 
bly  aceto-acrylic  acid,  CH3.CO.CH  =  CH.GOgH. 

From  its  hot  aqueous  solution  it  separates  on  cooling  ii 
feathery  crystals,  whilst  by  spontaneous  evaporation  it  is  obtainec 
in  compact  triclinic  prisms  which  melt  at  189°.  This  acid  anc 
its  homologues  give  with  ferric  chloride  an  intense  red-viole* 
colouration. 


THIOPHENE,  C^H.S. 

913  Victor  Meyer  observed^  that  benzene  prepared  fron 
coal-tar  exhibits  properties  different  from  those  of  benzene 
prepared  from  benzoic  acid,^  inasmuch  as  the  latter  docs  no1 
yield  a  blue  colouration  when  treated  with  isatin  and  strong 
sulphuric  acid,  whilst  the  former  gives,  under  these  conditions 
an  intense  blue  colour.  He  likewise  noticed  that  benzene  from 
tar  ceases  to  give  this  reaction  after  it  has  been  well  shaker 
with  concentrated  sulphuric  acid.  This  singular  difference  is 
caused,  according  to  Meyer,  by  the  existence  in  coal-tar  benzene 

^  Ber.  Deutsch.  Chem.  Ges.  xvi.  1870.  ^  j^^  ^vi.  1939. 

3  Victor  Meyer,  Jb.  xv.  2893,_xvi.  1465,  1624,  2172,  2968. 

*  Or  rather  from  benzoic  acid  prepared  from  the  gum,  from  urine,  or  from 
toluol ;  the  acid  obtained  from  benzo-sulphuric  acid,  on  the  other  hand,  gives  tht 
reaction  in  question. 
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of  a  sulphur  compound,  tbiopheae,  C^H^S.  present,  however, 
only  in  very  small  quantities,  the  average  amount  being  about 
0'5  per  cent.,  but  occurriDg  in  the  purest  samples  of  commercial 
benzene. 

For  the  preparation  of  thiophene,  tar  benzene  is  shaken  up 
with  a  quantity  of  strong  sulphuric  acid  insufficient  to  dissolve 
it  entirely ;  the  sulpho-acid  converted  into  the  lead-salt,  this 
mixed  with  sal-ammoniac,  and  the  whole  distilled. 

The  distillate,  which  consists  of  a  mixture  of  thiophene  and 
benzene,  is  subjected  to  the  same  treatment,  and  the  oil  then 
obtained  dried  over  calcium  chloride  and  rectified  on  the 
water-bath. 

Thiophene  is  also  obtained,  but  in  relatively  small  quantities, 
when  ethylene  or  acetylene  is  passed  through  boiling  sulphur. 
It  is  a  colourless,  slightly  smelling,  powerfully  refracting  liquid, 
boiling  at  84°,  and  having  a  specific  gravity  of  1'062. 

The  formation  of  the  characteristic  blue  colour  in  contact  with 
isatin  and  sulphuric  acid,  with  formation  of  indophenin,  is  repre- 
sented by  the  following  equation  : 

C,H,S  -h  CgH^NO^  -  C12H7NOS  4-  H^O. 

Thiophene  gives  the  same  blue  reaction  with  benzoylformic 
acid,  benzil,  phenanthrenqainon,  and  other  bodies  containing 
the  group  COIICO. 

Bromine  acts  readily  on  theophene  with  formation,  first  of 
Monobrointhiophene,  C^HgBrS,  and  afterwards  oi  Bibromthio^phcne, 
C^H^BrgS,  and  lastly  of  Tetrahromthiophene,  C^Br^S.  The  first 
of  these  compounds  is  a  colourless  oil,  boiling  at  150°;  the 
second  a  liquid  boiling  at  211°,  and  the  third  a  well-crystallized 
solid,  melting  at  112°  and  boiling  at  326°.  On  treatment  with 
sulphuric  acid,  thiophene  forms  a  sulpho-acid,  C4H3S.SO3H,  and 
the  potassium  salt  of  this  acid  yields,  on  distillation  with  potassium 
cyanide,  Thiophenitril,  G^IL^S.C^.  This  compound  closely  re- 
sembles benzonitril;  it  boils  at  the  same  point,  190°,  even 
possesses  the  same  characteristic  smell  of  bitter  almonds,  and 
like  this,  it  can  be  converted  into  a  corresponding  carboxy-acid, 
C4H3S.CO.OH.  This  thiophenic  acid  melts  at  118°,  that  is  S"" 
below  benzoic  acid,  and  boils  without  decomposition  at  258°. 
In  other  respects  thiophene  exhibits  close  analogy  with  benzene. 
Thus  it  yields  condensation  products  with  chloral  and  methylal, 
which  resemble  those  of  benzene.  Indeed,  the  well  known 
Friedel-Craft's   reaction    ran   be    obtained  with   thiophene,    so 
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that  by  the  action  of  benzoyl  chloride  and  aluminium  chloridf 
a  body  analogous  to  benzophenone,  viz.  TJdenyl-phenyl-keton 
C^HgS — CO — CgHf^,  can  be  prepared. 

This  close  analogy  between  thiophene  and  benzene  renders 
probable  that  both  bodies  possess  a  similar  constitution.  Thi 
thiophene  may  be  considered  as  benzene  in  which  an  acetylen( 
group,  ■  CHIZCH,  has  been  replaced  by  an  atom  of  sulphu 
Its  empirical  formula,  on  the  other  hand,  points  rather  to 
relationship  with  tetrol,  C^H^O,  and  pyrrol,  C^H^.NH,  an 
although  the  direct  connection  between  these  three  bodies  la 
not  yet  been  made  out,  their  analogous  behaviour  with  isati 
and  sulphuric  acid  renders  such  a  connection  more  tha 
probable. 

The  relations  between  benzene,  thiophene,  tetrol,  and  pym 
may  be  exhibited  as  follows : 

Tetrol. 
Benzene.  (Furfuran.)  Thiophene.  Pyrrol. 

HC— CH  HC-CH  HC— CH  HC— CH 

//       \  ^        %  ^         \  ^         \ 

HC  CH    HC  CH    HC  CH   HC  C: 

\  /     \  /     \o/     \y 

HC  =  CH  0  S  NH 
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Acajou  gum,  572 

Acetal,  67 

Acetaldehyde,  11 

Acetates  of  cellulose,  583 

Acetates  of  dextrose,  544 

Acetates  of  dulcitol,  491 

Acetoacetic  acid,  172 

Acetoacetic  ethyl  ether,  172 

Aceto-acrj-lic  acid,  631 

Aceto-chlordextrose,  545 

Aceto-chlorhydrin,  366 

Aceto-chlorhydrose,  545 

Aceto-dichlorhydrin,  366 

Aqeto-glyceral,  353 

Acetoglycollic  acid,  86 

Aceto-guanamine,  341 

Acetolactic  acid,  139 

Aceto-raalonic  ether,  20 

Acetone,  11 

Acetonic  acid,  170 

Aceto-nitrose,  545 

Acetopyromeconic  acid,  621 

a-Acetopropionic  acid,  21 

Aceto-succinic  ether,  20 

Acetoxacetic  acid,  86 

Acetyl  acetic  ether,  173 

Acetyl  furfurin,  604 

Acetyl-furoin,  605 
Acetyl -pyrrol,  611 

Acetylene,   448,   450  ;   synthesis,   450  ; 
preparation,   452  ;    properties,    454  ; 
substitution-products  of,  458 
Acetylene  dibromide,  458 
Acetylene  dicarboxylic  acid,  474 
Acetylene  dichloride,  457 
Acetylene  di-iodide,  45S 
Acetylene,     haloid    ethereal    salts    of, 

457 
Acetylene,  metallic  compounds  of,  455 
Acetylene  series,  hydrocarbons  of,  448 
Acetylene  tetrabromide,  458 
Acetylene — tetracar  boxy  lie  acid,  426 


Acetylene  tetrachloride,  457 
a-Acetylpropionic  acid,  247 
yS-Acetylpropionic  acid,  249 
Achrodextrine,  564 
Acid  ammonium  malate,  200 
Acid  ammonium  oxalate,  113 
Acid  ammonium  purpurate,  314 
Acid  ammonium  urate,  296 
Acid  barium  rhodizonate,  628 
Acid  butine  tetrasulphate,  483 
Acid  calcium  citrate,  434 
Acid  calcium  lactate,  137 
Acid  calcium  malate,  201 
Acid  calcium  tartrate,  225 
Acid  compounds  of  glycocoll,  93 
Acid  dulcitan  pentasulphate,  491 
Acid  ethyl  fumarate,  211 
Acid  ethyl  malate,  203 
Acid  ethyl  meconate,  617,  618 
Acid  ethyl  oxalate,  117 
Acid  ethyl  succinate,  188 
Acid  ethyl  tartrate,  230 
Acid  ethylene  succinate,  190 
Acid  lithium  urate,  295 
Acid  potassium  oxalate,  112 
Acid  potassium  purpurate,  315 
Acid  potassium  pyrotartrate,  254 
Acid  potassium  racemate,  235 
Acid  potassium  rhodizonate,  628 
Acid  potassium  saccharate,  596 
Acid  potassium  tartrate,  224 
Acid  potassium  urate,  295 
Acid  propenyl  disulphate,  358 
Acid  propenyl  trisulphate,  358 
Acid  radicals,  compounds  of  the, 

379 
Acid  silver  maleate,  213 
Acid  silver  purpurate,  315 
Acid  sodium  malonate,  157 
Acid  sodium  oxalate,  112 
Acid  sodium  urate,  295 
Acid  sulphates  of  mannite,  486 
Acid  tartar  emetic,  228, 
Acid  tartarcux  evipyrcuTnaiiquCj  153 
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Acid  urifine,  290 

Acide  allantoique,  322 

Acide  citracartique,  444 

Acide  pyrotartareux,  153 

Acide  pyroterebilique,  412 

Acido^ossieritrico,  300,  302 

AciduTii  lactis  s.  galacticutn,  133 

Acids  derived  from  potassium  carboxide, 
625 

Acids  having  composition  C6Hif,02. 124 

Acids  having  the  composition  C5  Hg  O2, 
407 

Acids  of  the  series  CnH2n~402,  474 

Aconic  acid,  446 

Aconitic  acid,  437 

Acraldehyde,  403 

Acrolein,  396 

Acrolein  acetal,  399 

Acrolein  ammonia,  398 

Acrolein  hydrochloride,  397 

Acropinacone,  398 

Acryl  colloids,  402 

Acryl  compounds,  396 

Acrylaldehyde,  396 

Acrylic  acid,  379,  396,  401  ;  substitu- 
tion-products of,  401 

Adipic  acid,  20,  23,  267  ;  substitution- 
products  of,  269 

Adipomalic  acid,  269 

Agedoile,  204 

Alacreatine,  143,  144 

Alacreatinine,  144 

Alanin,  142 

AJcohols  having  formula  CgHjgO,  411 

Alcohols  of  the  series  CjiHaQ— 2O,  471 

Alcohols  of  hexatomic  radicals,  483 

Alcohols  of  tetratomic  radicals,  481 

Aldehyde -ammonia,  74 

Aldehyde  bases,  75 

Aldehyde-ether,  403 

Aldehydes  of  oxalic  acid,  101 

Aldines,  75 

Aldol,  168 

Aldol-ammonia,  169 

Allantoic  acid,  299,  323 

AUantoin,  299,  322 

Allantoin  group,  322 

AUanturic  acid,  299,  324 

AUene,  462 

AUidene,  399 

Allidene  compounds,  399 

Al]idene  chlorethylate,  399 

Allidene  diacetate,  399 

Allidene  dichloride,  399 

Allidene  diethyl  ether,  399 

Alloxan,  291,  293,  298,  300,  314 

Alloxan  group,  299 

Alloxanic  acid,  298,  302 

Alloxantin,  304,  305,  311 

AUyl,  381 

A!]yl  acetate,  385 

Allyl-acetic  acid,  410 

AJlyl-acetonc,  411 

A:iyl  alcohol,  381 


Allyl  borate,  384 

Allyl  bromide,  383 

Allyl,  carbamide  compounds  of,  393 

Allyl  carbamine,  388 

Allyl  carbimide,  3S8 

Allyl  chloride,  383 

Allyl  compounds,  381 

Allyl  cyanamide,  395 

Allyl  cyanformate,  385 

Allyl,  cyanogen  compounds  of,  388 

Allyl  diethyl  carbinol,  417 

Allyl  di-isopropyl  carbinol,  417 

Allyl  dipropyl  carbinol,  417 

Allyl  dithiocarbamic  acid,  395 

Allyl,  ethereal  salts  of,  383 

AUyl  ethers,  383 

Allyl  formate,  384 

Allyl  hydrosulphide,  386 

Allyl  iodide,  383 

Allyl  isocyanate,  388 

Allyl  mercury  hydroxide,  384 

Allyl  mercury  iodide,  384 

Allyl  methyl  propyl  carbinol,  417 

Allyl  nitrate,  384 

Allyl,  nitrogen  bases  of,  387 

Allyl  oxalate,  385 

Allyl  oxide,  383 

Allyl  sulphide,  386 

Allyl,  sulphur  con)pounds  of,  386 

Allyl  thiocarbimide,  389 

Ally!  thiocyanate,  389 

Allyl-thio-urea,  394 

Allyl  urea,  393 

AUylamine,  387 

Allylene,  459 

Allylene  dibromide,  461 

Allylene,  di-iodide,  462 

Allylene,    haloid    ethereal    salts    of, 

461 
Allylene,  metallic  compounds  of,  460 
Allylene  tetrabromide,  461 
Allylene  tetrachloride,  461 
Althiiine,  204 
Amalic  acid,  337 
Amber  oil,  182 
Amenyl- valeric  acid,  418 
Amethenic  acid,  284 
Amides  of  the  oxy acids,  18 
Amidisethionic  acid,  55 
Amido-acetamide,  18 
Amidacetie  acid,  17,  192 
Amido  acids,  17 
Amido-barbituric  acid,  298 
Amido-compounds  of  glycolyl,  91 
Amido-compounds  of  lactyl,  142 
Amido-compounds  of  malic  acid,  204 
Amido-compounds  of  oxalyl,  118 
Amido-cafieine,  336 
Amido-caproic  acid,  261 
Amido-comenic  acid,  619 
Amido-dimethyl-propionic  acid,  246 
Amido-glutanic  acid,  251 
Amido-glycerol,  377  ^ 

Amido- glj^colamide,  94 
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Amido-isocapruic  acid.  264 
Amiilomalonic  adil,  159 
Aniido-malonvl-uroa,  307 
Amidopai'alactamide,  149 
a-Amidopentoic  acid,  248 
a-Amidopropionic  acid,  142 
3-Amidopropionic  acid,  153 
Amidopropionitril,  Hi 
Amidopyromeconic  acid,  622 
j8-Araido valeric  acid,  246 
Amidosuccinaraic  acid,  204 
Amidosuccinic  acid,  205 
ATiiidosuccinuric  acid,  321 
a-Amidovaleric  acid,  245 
Ammonium  adipat%  2t39 
Ammonium  di-isethionate,  57 
Ammonium  istthionate,  54 
Ammonium  mesoxalate,  161 
Ammonium  salt,  74 
Ammonium  succinate,  186 
Ammonium  sncrate,  525 
Ammonium  tartryl  arsenite,  228 
Amy!  angclate,  408 
Amyldecaldehyde,  417 
Amyldecatoic  acid,  417 
Amyl  diethyl-oxyacetate,  266 
Amy]  ether,  181 
Amyl-guanamine,  342 
Amyl-hydroxaiic  acid,  272 
Amy]  oxalate,  117 
Amyl  tigkte,  408 
Amylene,  240,  283 
Amylene  bromide,  £43 
Amylene  chloride,  243 
Amylene  chlorhydrate,  243 
Amylene  glycol,  9,  243 
Amylene  nitrite,  243 
Amylene  nitrosochloride,  244 
Amylene  oxide,  243 
Amylethyl  acetacetate,  267 
Amylodextrine,  565 
Amyloid,  576 
Amy  loses,  the,  554 
Amylum,  554 
Amylum,  metallic  corrpounds  of,  561  ; 

ethereal  salts   of,    561  ;  nitrates   of, 

561 
Anchoic  acid,  287 
Angelic  acid,  407,  410 
Anhydrides  of  tartaric  acid,  232 
Antimony  potassium  oxalate,  115 
Antimony  sodium  oxalate,  115 
Antimony  tartrate,  228 
Antimony  tartrates,  22G 
Apocatfeine,  336 
Aposorhic  acid,  550 
Arabic  acid,  569 
Arabin,  569 
Arabinose,  549 
Argentacetyl  oxide,  457 
Argentous  citrate,  435 
Arrowi'oot,  66Q  ;  granules,  557 
Arsenic  bases  of  ethylene,  67 
Asparagine,  204 


Aspartic  acid,  205 
Assamar,  566 
Azelaic  acid,  267,  287 
a-Azelaic  acid,  23,  288 
Azulmic  acid,  300 
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Bankuns  oil,  480 

Barbituric  acid,  298,  306 

Barium  hexhexone  sulphate,  486 

Barium  hydrocroconate,  629 

Barium  isethionate,  54 

Barium  maleate,  21'2 

Barium  malonate,  157 

Barium  mesoxalate,  161 

Barium  oleate,  421 

Barium  propeiiyl  tri&ulphonate,  374 

Barium  salt,  328 

Barium  succinate,  187 

Barium  sucrate,  527 

Baj'ium  violurate,  309 

Basic  sodium  lactate,  137 

Bassic  fat,  369 

Bassora  gum,  572 

Bassorin,  672 

Beef  suet,  369 

Beet-root  sugar,  504 

Behenolic  acid,  477 

Benylene,  470 

Benzene,  633 

Benzone,  162 

Betaine,  95 

Biliueurine,  64 

Bicarburet  of  hydrogen,  162 

Bleaching  of  cotton,  689 

Boletic  acid,  209 

Borate  of  ethylene,  49 

Bornesite,  553 

Boron  tartrates,  228 

Brasgic  acid,  23 

Brassidic  acid,  424 

Brassylic  acid,  289 

British  gum,  565 

Bromacetyl  cyanide,  159- 

Bromacrylic  acid,  377 

a-Bromacrylic  acid,  402 

/S-Bromacrylic  acid,  402 

Bromalides,  148 

^-Bromallyl  alcohol,  385 

3-Bromallyl  ether,  385 

a-Bromallyl  ethyl  ether,  385 

^-Broraallyl  nitrate,  385 

Bromcaffem,  336 

Bromcomenic  acid,  619 

Bromethylene,  448 

Bromethyl-triethylarsonium  bromr 

67 
Bromethyl-triethj  1-phosphonium    b 

mide,  66 
Bromfumaric  acid,  214,  217 
Brominate.l  valeric  acids,  403 
Bromisobutylene,  165 
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Bromhexylene,   258 
Bromhydro-ethyl-crotnnic  acid,  414 
Brcmmaleic  acid,  214,  217 
Brommaleic  anhydride,  214 
Brom-methyl-ethyleue,  414 
Bi'omoxylbromcomenic  acid,  620 
a-Brompropionic  acid,  14,  20,  141 
j8-Brompropionic  acid,  152 
o-Brompropylene,  132 
/3-Brompropylene,  132 
o-Bromvaleric  acid,  244 
lirompyromeconi;^  acid,  621 
Buckwheat-starch  granules,  559 
Butalanine,  245 
Butallyl-methyl  carbinol,  411 
Butenyl  alcohol,  377 
Butenyl  dibromhydrin,  378 
Butenyl-gycero],  378 
Hutine,  463,  482 
Butine  compounds,  462 
Butine,  dichlorliydrate,  482 
Butine  glycol,  482 
Butine  tetrabromide,  463 
Butine  tetrachloride,  463 
Butine  tetranitrate,  483 
Butter,  369 
Butyl  chloral,  166 
Butyl  chloral  hydrate,  167 
Butyl-ethylene,  257 
Butylene,  163 
a-Butylene,   163 
j8-Butylene,  163 
a-Butylene  bromide,  163 
^-Butylene  bromide,  164 
Butyltne  compounds,  162 
Butylene  glycol,  9 
a-Butylene  glycol,  163 
j3-Butylene  glycol,  164,  168 
7-Butylene  glycol,  164 
Butyrene,  162 
Butyrins,  366 
Butyroluronic  acid,  613 


Caffeidixe  sulphate,  338 
Caffeidine,  338,  340 
Cafteine,  331,  332,  339 
Calfcijie  acetate,  334 
Caffeine  eulphale,  334 
Caffeine,  test  for,  338 
Catfolii),  337,  340 
Caffuric  acid,  337,  340 
Calcium  ace togly collate,  86 
Calcium  acetylide,  455 
Calcium  aconitate,   439 
Calcium  acrylate,  401 
Calcium  augelate,  408,  409 
Calcium  diglycollate,  88 
Calcium  dilactate,  137 
Calcined  farina,  565 
Calcium  gluconate,  543 
Calcium  glycerate,  376 


Calcium  glycollate,  84 

Calcium  glyoxylate,  104 

Calcium  hydracry late,  151 

Calcium  hydrosorbate,  415 

Calcium  isosuccinate,  197 

Calcium  lactate,  137 

Calcium  lactonate,  549 

Calcium  Isevulinate,  250 

Calcium  malonate,  157 

Calcium  mesotartrate,  239 

Calcium  oxalate,  113 

Calcium  paralactate,  149 

Calcium  pyruvate,  155 

Calcium  racemate,  235 

Calcium  salt,  408 

Calcium  succinate,  187 

Calcium  sucratcs,  525 

Calcium  tartrate,  225 

Calcium  tigl  ate,  410 

Calx  saccharata,  113 

Cane-sugar,    496 ;     annlysis   of,     519  ; 

adulterations  of,  520  ;  properties  of, 

522 
Caprylidene,  470 
Capryleiie,  2/5 
Carballylic  acid,  428 
Carbamide  compounds  of  ally],  393 
Carbamide     compounds     of    glycolyl, 

96 
Carbamide  compounds  of  oxalic   acid, 

122 
Carbamide  ami  guanidine   compounds 

of  lactyl,  143 
Carbohydrates,  494  ;    the  sugar  group, 

494  ;  the  amylose  group,  496 
Carbon   compounds   containing  ten  to 

fifteen  atoms,  417 
Carbopyrrolamide,  610,  615 
Carbopyrrolic  acid,  610,  615 
Carbothi'ddine,  76 
Carboxylic  acid,  627 
Carburetted  hydrogen,  light  and  heavy, 

28 
Carbyl  sulphate,  53,  56 
Carnine,  329 
Cellulose,  574 
Cellulose,  acetates  of,  583 
Cellulose  dinitrate,  581 
Cellulose,  ethereal  salts  of,  577  ;  nitrates 

of,  ib. 
Cellulose,  technical  uses  of,  585 
Cerasinosc,  549 
Cerasin,  570 
Cerotene,   286 
Cerylene,  286 
Cetene,  285 
Cetenylene,  470 
Cetyleue,   285 
Cetylene  chlorhydrin,  285 
Cetylene  dibromide,  2S5 
Cetylene  oxide,  285 
Chelidouic  acid,  624 
Chelidonamic  acid,  624 
Chinese  wood  oil,  480 
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o-Chloracrylic  acid,  401 
/S-Chloracrylic  acid,  401 
Ctiloracetic  acid,  5 
Chloral  alcoholatc,  78 
Chloral-ammonia,  80 
Chloral  hydrate,  14,  38,  78 
Chloralide,  147 
a-Chlorallyl  acetate,  385 
j8-Chlorallyl  acetate,  385 
3-Chlorallyl  chloride,  462 
o-Chlorallyl  ethyl  ether,  385 
^-ChloraUyl  ethyl  ether,  385 
Chloi-aUylthiocarbimide,  391 
j8-Chlorbutyraldehyde,  404 
i8-Chlorbutyric  acid,  404 
Chlorcaffeine,  336 
Chlorcitramalic  acid,  444 
Chlorcitric  acid,  438 
Chlorcomenic  acid,  619 
a-Chlcrcrotonic  acid,  405 
j8-Chlorcrotonic  acid,  406 
Chlordiethylin,  352 
Chlordimethylmethylene  chloride, 

356 
Chlorethylene  dithiodichloride,  53 
Chlorethyl-triethyl-phosphonium 

chloride,  66 
Chlorhydrin,  353 
Chlorhydrin  sulphonic  acid,  374 
Chlorhydrinimide,   375 
Chlorine   substitution-products     of 

ethylene,  41 
Chlorisethionic  acid,  55 
Chlorisocrotonic  acid,  406 
Chlorisopropyl  alcohol,  128 
Chloritamalic  acid,  442 
Chlormaleic  acid,  223 
Chlormaleyl  chloride,  223 
Chlormesamalic  acid,  444 
Chlormonacetin,  366 
Chlormuconic  acid,  599 
Chloroxalethyline,  119 
y3-Chlorpropidene  chloride,  398 
a-Chlorpropionic  acid,  140 
/3-Chlorpropionic  acid,  152,   401,   405, 

397 
a-Chlorpropionyl  chloride,  140 
o-Chlortetrabrometliane,  459 
Chlortetracrylic  acid,  406 
Chlorsuberancarboxylic  acid,-  281 
Cholestrophane,  318,  335 
Choline,  63,  64 
Cimicic  acid,  418 
Citrabrompyro tartaric  acid,  443 
Citrachlorpyrotartaric  acid,  443 
Citraconie  acid,  439,  443 
Citraconic  anhydride,  443 
Citradibrompyrotartaric  acid,  444 
Citramalic  acid,  4-43 
Citratartaric  acid,  444 
Citrates,  the,  433 
Citric  acid,  430 
Citric  acid  ethereal  salts,  436 
Citric  acid,  reactions  of,  435 


Citridic  acid,  438 

Coco-nut  oil,  3b9 

CtBsium  tartrate,  225 

Collodion,  581 

Comenamic  acid,  619 

Comenamide,  619 

Comenates,   618 

Comeuic  acid,  618 

Compounds   containing   ten   to  fiftee 

atoms  of  carbon,  417 
Compounds  containing' diatomic  or  d 

valent  radials,  3 
Compounds  of  hexad  alcohol  radical 

484 
Com[iounds  of  the  monad-alcohol  rad 

cals,   CnH2ii_i,  and  of  the  acid  rad 

cals,  CnHn_30,  379 
Compounds  of  sugar  and  salt,  529 
Compounds  of  tetrad  alcohol  radical 

481 
Compounds  of  trivalent  or  triad  rac 

cals,  343 
Copper  acetylide,  459 
Copper  amidocaproate,  263 
Copper  croconate,  629 
Copper  glycollate,  84 
Copper  leucate,  261 
Copper  pyruvate,  155 
Copper  tartrate,  226 
Cork  or  ciiticular  substances,  585 
Cotton,  586  ;  bleaching,  589 
Cotton-wool,  585 
Creatine,  98,  144 
Creatinine,  99  ;  salts,  100 
Creatinine  zinc  chloride,  100 
Crcmor  tartari  solubilis,  229 
Croconic  acid,  625,  628 
Crotaconic  acid,  446 
Croton  chloral,  166 
Crotonaldehyde,  403 
a-Ciotonaldehyde,  403 
Crotonic  acid,  379,  403 
a-Crotonic  acid,  404 
)8-Crotonic  acid,  405 
Crotonitril,  404 
Crotonylene,  462 
Cvotonylene  tetra-bromide,  463 
Crotyl  alcohol,  402 
Crotyl  compounds,  402 
Crotyl  iodide,  402 
Cuproso-acetyl  chloride,  456 
Cuproso  acetyl  hydroxide,  456 
Cuproso-acetyl  oxide,  456 
Cuprous  acetylide,  455 
Cuprous  allylide,  460 
Cuprous  dipropinyl,  467 
Cyanacetic  acid,  158 
Cyanacetyl  bromide,  159 
Cyancarbonic  acid,  122 
Cyanformic  acid,  122 
Cyanogen,   122,  123 
Cyanogen  compounds  of  allyl,  388 
o-Cyanpropionic  acid,  20 
j8-Cyanpro2)ionic  acid,  195,  197 
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DAMALURicacid,  416 

Daraolic  acid,  416 

l^aiiibose,  553 

Bambose  dimethyl  ether,  553 

Dambose  methyl  ether,  553 

Dambosite,  553 

Decatylene,  285 

Decenylene,  470 

Dehydracetic  acid,  176 

Dehydromiicic  acid,  600 

Desoxalic  acid,  427 

Desoxyglutanic  acid,  251 

Detonating  chloride  of  platinum,  32 

Dextran,  571 

Dextrine,  563 

Dextrincs,  the,  563 

Dextro-rotary  tartaric  acid,  221 

Dextrose,  537 

Dextrose,    ethereal    compounds    of, 

544 
Dextrose,  metallic  compounds  of,  543 
Dextrose  sulphuric  acid,  544 
Dialruamide,  307,  314 
Diacetin,  365 
Diacetochlorhydrin,  366 
Diaceto-dextrose,   544 
Diacetoraoemic  anhydride,  235 
Diaccto-succinic  ether,  179 
Diaceto-tartaric  acid,  232 
Diacid  potassium  citrate,  433 
Dial  dan,  169 
Dialclauic  acid,  169 
Diallyl,  4i9,  465 
Diallyl-aeetic  acid,  476 
Diallyl  acetone,  476 
Diallyl  carbinol,  473 
Diallyl  ether,  383 
Diallyl-malonic  acid,  476 
Diallyl-oxalic  acid,  476 
Diallyl-oxyacetic  acid,  476 
Diallyl  urea,  393 
Diallylene,  466 
Dialuric  acid.  298,  303 
Diamidohydrin,  374 
Diamyl-oxalic  acid,  286 
Diamylene,  240,  283 
Diastase,  563 

Diaethohydroxj^caffeine,  389 
Dibasic  acids.  251,  273,  287,  595 
Dibasic    acids   of    the     oxalic    series, 

19 
Dibromacrylic  acid,  402 
Dibromadipic  acid,  600 
Dibrombarbituric  acid,  311 
Dibromfuril,  605 
Dibromhcxine,  466 
Dibromhexine  tetrabromide,  466 
Dibroni-hydro-ethyl-crotonic  acid,   414 
Dibromisocaproic  acid,  413 
Dibromlactic  acid,  148 
Dibrom-malonic  acid,  159 
a-Dibrompropionic  acid,  156 


)8-Dibrompropionic  acid,  377,  401 
Dibrompropyl  alcohol,  357 
Dibrompyromucic  acid,  608 
Dibromsuccinic  acid,  196,  217 
Dibromsuccinyl  chloride,  210 
Dibromthiophene,  632 
Dibromundecylic  acid,  418 
Dicalciuni  sucrate,  526 
Diohloracetal,  69 
Dichlorlactic  acid,  146 
a-Dichloracetin,   366 
yS-Dichlonicetin,  366 
a-Dichloracry!ic  acid,  401 
jS-Dichloracrylic  acid,  402 
Dichlorethane,  70 
Dichloretbyl  chloride,  71 
Diehlorethylene,  42 
Dichlorethylene  dichloride,  42 
a-Dichloiglycide,  356 
j8-Dichlorglycide,  356 
Dichlorhydrin,  353 
a-Dichlormononitrin,  362 
yS-Dichlornitrin,  363 
Dichloroxyiaobutyronitril,  432 
o-Dichlorpropionic  acid,  156 
i3-Dich!orrropionic  acid,  377  • 
Dicyanoxyisobutyric  acid,  432 
Diethidene-ammonium    tliio  carbamate, 

76 
Diethoxyhydrnxyraffdiue,  336 
Diethyl-acetone,  172,  173 
Diethyl-acetone  acetic  ether,  172 
Diethyl  allylamine,  388 
Diethyl  carbonate  of  ethyl,  173 
Diethyl  carbopyrrolamide,  611,  615 
Diethyl-dimethyl-ethylene   glycol,  277 
Diethyl  ether,  172 
Diethyl-ethylene,  257 
Diethyl- ethylene  ketone,  191 
Diethyl-ethylene-lactic  acid,  272 
Diethyl-glyuocoll,  94 
Diethyl  glyuxjdic  acid,  105 
Diethyl  lactate,  16 
Diethyl-methyl-ethylene,  271 
Diethyl- oxalic  acid,  265 
Diethyl  oxaraic  acid,  121 
Diethyl  oxamide,  118 
Diethyl- oxyacetic  acid,  265 
Diethyl-oxybutyric  acid,  278 
Diethyl  suceinyl,  191 
Diethylene  alcohol,  37 
Diethylene  diamine,  61 
Diethylene-diamine,  58 
Diethylene -diethyl  diamine,  61 
Diethylene  dioxide,  36 
Diethylene  disulphide,  52 
Diethylene-triamine,   59,  Gl 
Diethyl-malonic  acid,  274 
Diethyl  propenyl  ether,  352 
Diformin,  365 
Diglucose,  540 
Diglycolamide,  18 
DiglycoJamidic  acid,  18 
Diglycerol,  351 
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Dirrlycollic  acid,  S7 
Dihydric  ammonium  dilitiirate,  310 
Dihvilroxyl  oxamide,  121 
Dihj'drocarboxyHc  acid,  627 
Di-hexylene,  284 
Di-isetliionic  acid,  57 
Di-isobutylene,  270 
Di-isopropyl-etliylene,  277 
Di-isopropyl-oxalic  acid,  27S 
Dilactamidic  acid,  145 
Dilituric  acid,  309 
Dimethyl  acetal,  70 
Dimethyl-acrylic  acid,  411 
Dimethyl-allyl  carbinol,  411 
Dimethyl-barbituric  aci.l,  306,  307 
Dimethyl-citric  acid,  436 
Dimethyl-dioxysuccinic  acid,  270 
Dimethyl-isoallyl  carbinol,  412 
Dimethyl-isoallylene,  449 
Dimethyl-isopropyl-ethyleu  e,  2  7 1 
Dimethyl-malonic  acid,  256 
Dimethyl-malonyl  urea,  307 
Dimethj'l-methylene  bromide,  132 
DiiTiethyl-methyleue  chloride,  13,  131, 

133 
Dimethyl-methylene  compounds,  131 
Dimethyl-methylene  iodide,  460 
Dimethyl-methylene  oxide,  11 
Dimethyl  oxalic  acid,  170 
Dimethyl-parabanic  acid,  31S 
Dimethyl-pseudobutyl-ethylene,  27  6 
Dimethyl  succinic  acid,  20 
a-Dimethyl-succinic  acid,  269 
i6-Dimethyl-succinic  acid,  269 
Dimethyl-tartaric  acid,  270 
Dimethyl  thetine,  89 
Dimethyl  thetine  bromide,  89 
Dimethyl- thioparabanic  acid,  318 
Dimethyl  uric  acid,  297 
Dimonochlorallylamiue,  388 
Dinitro-octylene,  276 
Dinitroxytartaric  acid,  231 
Dioctyl-malonic  acid,  2S9 
Diolein,  421 
Dioxalethyline,  119 
Dioxyethylamine,  62 
Dioxyethylammonium  chloride,  63 
Dioxyethenyltricarboxylic  acid,  427 
Dioxypropionic  acid,  375 
Dioxysuccinic  acid,  217 
Dipalmitin,  367 
Dipropargyl,  466 
Dipropinyi,  466 
Dipropinyl  octobromide,  467 
Dipropenyl  sodium  manganite,  350 
Dipropylbutine,  470 
^-Dipropyl-ethylene-lactic  acid,  286 
Dipropyl- oxalic  acid,  278 
Dipyrotetracetone,  222 
Disacryl,  397 

Disodacetonate  of  ethyl,  173 
Disodium  ethylenate,  35 
Disodium  propenylate,  349 
Distearin,  367 


Di-stearyl  lecithin,  370 

Distearylglycerol  phosphoric  acid,  3i 

Disulphetholic  acid,  57 

Disulphhydrin,  373 

Ditartaric  acid,  233 

Ditetryl,  162 

DithioglycoUic  acid,  88 

Dodecatylene,  285 

Doeglic  acid,  423 

Drying  oils,  478 

Dulcine,  489 

Dulcose,  489 

Dulcitan,  490 

Dulcitan  bromhydrin,  490 

Dulcitan  chlorhydrin,  490 

Dulcitamine,  490 

Dulcitol  dichlorhydrin,  490 

Dnlcite,   489 

Dulcitol,  489 

Dalcitol  dibromhydrin,  490 

Dutch  liquid,  39  ;    apparatus  used 

formation  of,  40  ; 
Dyad  alcohol  radicals,  3 
Dyad   radicals,    ethereal  salts  of  tl 

13 
Dynamite,  361 


E. 


ElKOSYLENE,  470 

Eladin,  422 
Elaidic  acid,  422 
Elayl,  28 
Elcelic  acid,  478 
Elceococca  vernicia,  478 
Elceomargaric  acid,  478 
Elceostearic  acid,  478 
Epicyanhydrin,  355 
Epichlorhydrin,  354 
j8-Epidibromhydrin,  357 
a-EpidichlorhydriD,  356 
0-Epidichlorhydrin,  356 
Epihydrin  carboxylic  acid,  355 
Erucic  acid,  423 
Erucidic  acid,  424 
Erythrin,  481 
Erythrite,  481 
Erythritic  acid,  482 
Erythrodextrine,  564 
a-Erythrodextrine,  564 
^-Erythrodextrine,  564 
Erythroglucin,  481 
Erythrol  dibromhydiin,  483 
Erythrol  dichlorhydrin,  4S2 
Erythrol  tetrasulphuric  acid,  483 
Erythromannite,  481 
Esparto-grass  in  paper  making,  591 
Ethenyl  tricarboxylic  acid,  425 
Ethereal  compounds  of  dextrose,  544 
Ethereal  compounds  of  milk-sugar,  5 
Ethereal     compounds     of    saccharos 

529 
Ethereal  salts  of  allyl,  383 
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Ethereal  salts  of  acrylic  acid,  401 
Ethereal  salts  of  amylum,  561 
Ethereal  salts  of  cellulose,  577 
Ethereal  salts  of  citric  acid,  436 
Ethereal  salts   of    the  dyad  radicals, 

13 
Ethereal  salts  of  ethylene,  38 
Ethereal  salts  of  lactic  acid,  138 
Ethereal  salts  of  oxalic  acid,  116 
Ethereal  salts  of  propenyl,  353 
Ethereal  salts  of  racemic  acid,  235 
Ethereal  salts  of  succinic  acid,  188* 
Ethereal  salts  of  tartaric  acid,  230 
Ethereal   salts   and  ethers   of  ethidene, 

70 
Etherin,  285 
Etherol,  285 
Ethers  and   ethereal  salts   of  glycolyl, 

85 
Ethers  and    ethereal   salts     of    malic 

acid,  202 
Ethidene,  11 
Ethidene  acetamide,  77 
Ethidene  and  nitrogen  compounds,  74 
Ethidene-hiuret,  77 
Ethidene  bromacetin,  72 
Ethidene  chloracetin,  72 
Ethidene  chloride,  13 
Ethidene  chlorethylate,  71 
Ethidene  cyanuramide,  77 
Ethidene  diacetate,  13,  73 
Ethidene  dibromide,  71 
Ethidene  dichloride,  70 
Ethidene  diethyl  ether,  Q1 
Ethidene  diethyl  oxide,  13 
Ethidene  di-iodide,  71 
Ethidene  dimethyl  ether,  70 
Ktiiidene-ethylene  dioxide,  69 
Ethidene  hydramine,  74 
Ethidene  imido-silver  nitrate,  75 
Ethidene  lactic  acid,  134 
Ethidene   or    ethyiidene     compounds, 

67 
Ethidene  methyl-ethyl  ether,  70 
Ethidene  osychloride,  71 
Ethidene  propenyl  ether,  353 
]'',thidene  sulphite  compounds,  73 
Ethine,  450 

Ethiue  compounds,  450 
Ethionic  acid,  53,  56 
Ethoxacetic  acid,  85 
Kthoxycalfeine,  336 
Kthoxypropionic  acid,  138 
Ethyl  aceto-acetate,  172.  175 
Ethyl  acetacetate,  metallic  compounds 

of,  177 
Ethyl  acetocitrate,  437 
Ethyl  acetocomenate,  619 
Ethyl  acetomalate,  204 
Ethyl  acetone,  172,  173 
Ethyl  acetone  carbonate  of  ethyl,  174 
Ethyl  acetone-carbonic  acid,  172 
Ethyl  acetotartrate,  231 
Ethyl  acetotricarballylate,  429 


Ethyl  acetylene,  449,  462 

Ethyl  aconitate,  439 

Ethyl  adipate,  269 

Ethyl-all yl-acetacetate,  411 

Ethyl  allylamine,  388 

Ethyl  allyl  ether,  383 

Ethyl  allyl  monothiocarbamate,  395 

Ethyl  aluminium  acetacetate,  179 

Ethyl  amido -acetacetate,  180 

Ethyl  amido-acetate,  93 

Ethyl-amyl-oxalic  acid,  286 

a-Ethylbrompl'opionate,  141 

Ethyl  butyrate,  174 

Ethyl-caileidine,  339 

Ethyl  carbonate  of  ethyl,  173 

Ethyl  carbopyrrolic  acid,  6 1 1 

Ethyl  chloracetacetate,  179 

Ethyl  chlorlactate,  146 

Ethyl  chlormalonate,  158 

a-Ethyl  chlorpropionate,  141 

Ethyl  comenate,  618 

Ethyl  compounds  of  glycocoll,  93 

Ethyl  copper  acetacetate,  179 

Ethyl-crotonic  acid,  380,  413 

Ethyl  cyanacetate,  159 

Ethyl  cyan  formate,  122 

Ethyl  diacetic  acid,  173,  174 

Ethyl  diacetoracemate,   235 

Ethyl  diacetotartrate,  232 

Ethyl  diacetyl-desoxalate,  423 

Ethyl  diallyl  carbinol,  474, 

Ethyl  dicarbopyrrolic  acid,  611 

Ethyl  dichloracetacetate,  180 

Ethyl  iS-dichlorpropionate,  377 

Ethyl- diethyl-acetacetate,  278 

Ethyl  diethyl-oxyacetate,  266 

Ethyl  diheptyl-acetacetate,  287 

Ethyl  di-isobutyl-acetacetate,  287 

Ethyl-dimethyl-acetacetate,  267 

a-Ethyl-dimethyl-ethylene,  258 

)8-Ethyl-dimethyl-ethylene,  258 

Ethyl  dimethyl  ethylene,  6 

Ethyl  dinitroxy tartrate,  231 

Ethyl  dioctyl -acetacetate,  287 

Ethyl  desoxalate,  428 

Ethyl  ether,  89,  105 

Ethyl  ether   of  diethyl    acetic    acid, 

172 
Ethyl  ctholactate,  139 
Ethyl  ethoxacetate,  86 
Ethyl-ethylene,  163 
Ethyl  fumaj-ic  acid,  211 
Ethyl  furfurm,  604 
Ethyl  glycerate,  376 
Ethyl  glycolamide,  94 
Ethyl-glycocoll,  94 
Ethyl  glycollate,  85 
Ethyl-glycoUic  acid,  85 
Ethyl  heptyl-acetacetate,  287 
Ethyl  hydrosorbate,  415 
Ethyl-iodpropinyl  ether,  472 
Ethyl  isobutyl  acetacetate,  287 
Ethyl  isocyanformate,  123 
Ethyl  isosuccinate,  198 
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Ethyl  isopropyl-acetacetate,  272 

Ethyl  lactate,  16,  VdS 

Ethyl  lactic  acid,  16,  13S 

Ethyl  laevulinate,  250 

Ethyl  lacto-succinate,  190 

Ethyl  magnesiutn  acetacetate,  l79 

Ethyl  maleate,  213 

Ethyl  raalonic  acid,  255 

Ethyl  malonate,  158 

Ethyl  meconic  acid,  617,  618 

Ethyl  mesoxalate,  161 

Ethyl  methyl-ethyl-acetacetate,  272 

Ethyl  a-methyl  acetosuccinate,  253 

Ethyl  )3-raethyl  acetosuccinate,  253 

a-Elhyl-methyl-ethylene,  242 

j8-Ethyl-methyl-ethylene,  242 

a- Ethyl-methyl -ethylene  bromide,   242 

a-Ethyl-methyl-ethylene  glycol,  242 

Ethyl  methenyl  tricarbonate,  158 

Ethyl  monochlorethenyl-tricarboxylate, 

426 
Ethyl  mucate,  598 
Ethyl  mucic  acid,  598 
Ethyl  nitrocomenate,  618 
/3-Ethyl  nitropropionate,  153 
Ethyl  nitroso-acetacetate,  ISO 
Ethyl  nitroxyl  malate,  203 
Ethyl  octyl-acetacetate,  287 
Ethylomalic  acid,  203 
Ethyl-oxalate,  23,  115 
Ethyl-oxahc  acid,  23,  117 
Ethyl  oxalyl  chloride,  23,  117 
Ethyl  oxalurate,  319 
Ethyl-j8-oxybutyricacid,  267 
Ethyl  oxamate,  120 
Ethyl  oxamethane,  121 
Ethyl  oxymalonic  acid,  256 
Ethyl  oxamic  acid,  120 
Ethyl  oxamide,  118 
Ethyl  paracyanformate,  122 
Ethyl  paralactate,  149 
Ethyl  platinous  ammonium  chloride, 

32     * 
Ethyl  propenyl  ether,  352 
Ethyl -propinyl  ether,  471 
Ethyl  propionyl-propionate,  267 
Ethyl  pyrotartrate,  255 
Ethyl  pyromucate,  606 
Ethyl-pyrrol,  611 
Ethyl  saccharate,  597  * 
Ethyl  salt  of  ethyl  chlorraalonic  acid, 

256 
Ethyl  sodacetacetate,  177 
Ethyl  sodacetate,  177 
Ethyl  subei-ate,  280 
Ethyl  succinic  acid,  188,  269 
Ethyl  succino-lactate,  190 
Ethyl  succinyl-succinate,  189 
Ethyl  tartronic  acid,  256 
Ethyl  thiocarbacetacetate,  180 
Ethyl-trimethyl-ethylenc,  271 
Ethyl  trichlorlactate,  146 
Ethylene,  27  ;  properties  of,  30 
Ethylene  acetobutyrate,  51 


Ethylene  acetochloride,  50 

Ethylene  ace  to  valerate,  51 

Ethylene  alcohol,  10,  32 

Ethylene,  arsenic  bases  of,  67 

Ethylene  boron  fluoride,  31 

Ethylene  bromhydrin,  43 

Ethylene  bromide,  44,  448 

Ethylene  bromiodide,  47 

Ethylene  chloracetin,  50 

Ethylene  chlorbromide,  46 

Ethylene  chlorhydrate,  5 

Ethylene  chlorhydrin,  4,  38 

Ethylene  chloriodide,  13,  47 

Ethylene  chlornitrate,  49 

Ethylene  compounds,  27 

Ethylene  cyanhydrate,  15 

Ethylene  cyanide,  195 

Ethylene  diacetate,  50 

Ethylene  diacetin,  50    '*- 

Ethylene-diamine,  58,  60 

Ethylene  dibromide,  44 

Ethylene  dibutyrate,  51 

Ethylene  dichloiide,  39 

Ethylene  diethyl  diamine,  60 

Ethylene  diethyl  ether,  35 

Ethylene  diformate,  49 

Ethylene  dihydrosulphide,  51 

Ethylene  di-iodide,  47 

Ethylene  disulphonic  acid,  57 

Ethylene  dithiodichloride,  53 

Ethylene  divalerate,  51     ■■ 

Ethylene  ethyl  ether,  35    '^ 

Ethylene  ferrous  chloride,  31 

Ethylene  glycol,  9,  19,  32 

Ethylene-hexethyl-arsoniumdibromidi3, 
67 

Ethylene-hexethyl-phosphonium  dibro- 
mide, 66 

Ethylene  hydroxysulphide.  51 

Ethylene-hydroxy-sulphuric  acid,  48 

Ethylene  iodacetin,  60 

Ethylene  iodhydrin,  46 

Ethylene  lactic  acid,  15,  150 

Ethylene  mercaptan,  51 

Ethylene  monacetate,  50 

Ethylene  monacetin,  50 

Ethylene  monobutyrate,  51 

Ethylene  monovalerate,  51 

Ethylene  nitrate,  49 

Ethylene  nitrite,  48 

Ethylene  nitri-nitrate,  48 

Ethylene,  nitrogen  bases  of,  58 

Ethylene  oxide,  35 

Ethylene  oxide  bases,  62 

Ethylene  oxythiocarbonate,  52 

Ethylene  platinous  chloride,  31 

Ethylene  platmous  potassium  chloride, 
32 

Ethylene,  phosphorus  bases  of,  05 

Ethylene  selenocyanate,  49 

Ethylene  succinate,  190 

Ethylene  succinic  acid,  190 

Ethylene  sulphide,  51 

Ethylene,  sulpho-acids  of,  63 
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Ethylene,  sulphur  compounds  of,  51 
Ethylene  sulphuric  acid,  48 
Ethylene  thiocarbonate,  52 
Ethylene  thiochlorides,  52 
Ethylene  thiocyanate,  49 
Ethylene  th iodic hloride,  53 
Ethylidene,  67 
Eucalyn,  550 


F. 


Eats  and  oils,  368 

Fats  or  glycerides,  364 

Fermentable  gum,  571 

Fermentation  lactic  acid,  134 

Ferripomata^  198 

Ferric  citrate,  435 

Ferric  salt,  155 

Ferric  succinate,  187 

Ferric  tartrate,  226 

Ferrous  diliturate,  310 

Ferrous  oxalate,  115 

Ferrous  lactate,  137 

Ferrous  violurate,  309 

Flax  and  hemp,  587 

Formic  acid,  103 

Formo-guanamine,  340,  341 

Fruit-sugar,  545 

Fucusamide,  612 

Fucusol,  612 

Fucusin,  612 

Fucusoic  acid,  612 

Fumaramide,  211 

Fumaric  acid,  208,  209 ;  constitution 

of,  214 
Fumarimide,  206 
Fumaryl  chloride,  210 
Furfuracrolein,  612 
FurCuracrylic  acid,  613 
Fuvfuraldehyde,  602 
Furfuramide,  603 
Furfuran^  608 
Furfurangelic  acid,  613 
Furfur-butylene,  613 
Furfurin,  603 
Furfurol,  602 
Furfurol,    condensation    products    of, 

604 
FurfuiTtropionic  acid,  615 
Furfurvaleric  acid,  613 
Furfuryl  alcohol,  603 
Furfuryl  compounds,   constitution    of 

the,  614 
Furfuryl  group,  602 
Furil,  605 

Furil  octobromide,  605 
Furoin,  605 
Furonic  acid,  613,  615 


Gaeidinic  acid,  419 
Galam  butter,  369 


Galactose,  548 

GashuileicXf  27 

Gelose,  571 

Glyceric  acid,  375 

Glycerides,  364 

Glycerides  of  oleic  acid,  421 

Glycerine,  343 

Glycerine  ether,  351 

Glycerol,  343 

Glycerol  detected  in  beer,  350 

Glycerol  diethylin,  352 

Glycerol  monethylin,  352 

Glycerol  phosphoric  acid,  363 

Glycerol  triethylin,  352 

Glycerol,  344 

Glyceryl  oxide,  344 

Glycidamine,  374 

Glycide,  351 

Glycide  alcohol,  351 

Glycocoll,  92,  122 

Glycocoll,  acid  compounds  of,  93 

Glycocoll,  ethyl  compounds  of,  53 

Glycocoll,  metallic  compounds  of,  93 

Glycocoll,  saline  compounds  of,  93 

Glycocyamidine,  98 

Glycocyamine,  97 

Glycogen,  568 

Glycoglycollic  acid,  86 

Glycol,  33  ;  properties  of,  34 

Glycolamide,  18,  91 

Glycolamidic  acid,  18 

Glycol-ethylamide,  94 

Glycolide,  87 

Glycols,  8 

Glycoluric  acid,  96 

GlycoUates,  84 

Glycollic  acid,  19,  82 

Glycollic  anhydride,  86 

Glycollic  chloralide,  148 

Glycolyl,  amido-compounds  of,  91 

Glycolyl,  carbamide  compounds  of,  96 

Glycolyl  compounds,  82 

Glycolyl,   ethers  and  ethereal  salts  of, 
85 

Glycolyl  guanidine,   98 

Glycolyl,  guanidine  compounds  of,  97 

Glycolyl,    phosphorus   compounds    of, 
101 

Glycolyl,  sulphur  compounds  of,  88 

Glycolyl  thio-urea,  97 

Glycolyl-urea,  96 

Glycosin,  103 

Glycotartaric  acid,  239,  428 

Glyco-uril,  324 

Glyoxal,  102 

Glyoxalic  acid,  103 

Glyoxalin,  103 

Glyoxylic  acid,  103 

Glyoxyl-urea,  299,  324 

Glucolignose,  583 

Glucosan,  540 

Glucoses,  the,  537 

Glutanic  acid,  23,  252 

Glutaminic  acid,  251 
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Glutamine,  251 

Glutaric  acid,  251 

Glutaric  anhydride,  251 

Goose  fat,  369 

Gi-ape-sugar,  537 

Guajaceii,  410 

Guajol,  410 

Guanamide,  342 

Guanamines,  340 

Guanamine  hydrochloride,  341 

Guanid,  342 

Guanidine  compounds  of  glycolyl,  97 

Guanidine  compounds  of  lactyl,  143 

Guanidoacetic  acid,  97 

Guanidopropionic  acid,  143 

Guanine,  3-^5,  329,  339 

Guanine  hydrochlorate,  330 

Guanine  nitrate,  330 

Guanine  sulphate,  330 

Gum  arabic,  569 

Gum  tragacanth,  572 

Gums,  the,  569 

Gun-cotton,  577 


H. 


Haloid    ethereal  salts    of  acetylene, 

457 
Haloid  ethereal  salts  of  allylene,  461 
Hemp,   587 
Hemp  oil,  480 
Hendecatylene,  284,  285 
Heptine  compounds,  469 
Heptinic  acid,  630 
Heptolactone,  416 
Heptyl  malonic  acid,  23  S 
Heptylene  compounds,  271 
Hexaceto-amylum,  562 
Hexacetodextrine,  562 
Hexacrolic  acid,  397 
Hexad  alcohol  radical  compounds,  484 
Hexbromethane,  46 
Hexchlorethane,  43 
Hexenyl  alcohol,  378 
Hexenyl  tricarboxylic  acid,  447 
Hexeric  acid,  414 
Hexethylene  alcohol,  37 
Hexglyoxal  hydrate,  102 
Hexhydromeeonic  acid,  616 
Hexine,  465 
Hexinic  acid,  630 
Hexine  compounds,  465 
Hexine  tetrabromide,  466 
Hexine  tetra-iodide,  467 
Hexine  tetranitrate,  467 
Hexmethylenamine,  26 
Hexnitroxyinosite,  552 
Hexone,  466 
o-Hexone  alcohol,  484 
)8-Hexone  alcohol,  489 
)3- Hexone  diacetate,  491 
^-Hexone  dichlorhydrate,  490 
a-IJexone  dichlorhydride,  486 


a-Hexone  hexacetate,  488 
j8-Hexone  hexacetate,  491 
a-Hexone  hexasulphate,  486 
a-Hexone  hexnitrate,  487 
;3-Hexone  hexnitrate,  491 
j8-Hexone  pentacetate,  491 
iS-Hexone  pentacetoehlorhydrin,  491 
Hexone  pentanitrate,  488 
Hexonyl  chlorhydrate,  490 
Hexonyl  pentacetate,  491 
Hexonyl  alcohol,  490 
Hexoylene,  465 
Hexpropylene,  286 
Hexyl-ethylene,  275 
Hexylene  bromide,  258 
Hexylene  compounds,  257 
Hexylenic  acid,  415 
Homoitaconic  acid,  615 
Humboldtine,  115 
Humus,  576 
Hydracetamide,  75 
Hydracryl  compounds,  150 
Hydracrylic  acid,  150 
Hydrantoic  acid,  96 
Hydrantoin,  96 
Hydranzothin,  76 
Hydrazulmin,  124,  299 
Hydrazulmoxin,  124,  300 
Hydrocaffuric  acid,  337 
Hydrocarbons  of  the  acetylene  scries, 

448 
Hydrocellulose,  576 
Hydrochlorate  of  sarcine,  328 
Hydrochloride  of  caffeine,  334 
Hydrocroconic  acid,  629 
Hydrocyanaldine,  145 
Hydro- ethyl-crotonic  acid,  414 
Hydroflavic  acid,  124 
Hydrofuronic  acid,  613 
Hydromuconic  acid,  599 
Hydrorubianic  acid,  124 
Hydrosorbic  acid,  380,  414 
Hydrothiocroconic  acid,  629 
Hydroxyacetal,  69 
Hydroxycaffeine,  336 
Hydroxy-ethylene  disulphonic  acid,  58 
Hydroxyethylene  sulphonic  acid,    53 
Hydroxy-  oroxy-acids,  14 
Hydruvic  acid,  154 
Hydurilic  acid,  312 
Hypocaffeine,  336 
Hypogceic  acid,  419 
Hypothetical  anhydrous  glycerol,  344 


iMlBO-dimethylacetic-diniethyl    pro- 
pionic acid,  246 
Imidosuccinic  acid,  207 
Imidodoxanthine,  329 
Imidopropionic  acid,  145 
o-Imidopropionitril,  144 
Inosite,  650 
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Inulin,  566 
lodallyl  alcohol,  385 
lodallyleue,  461 
lodallylene  di-iodide,  462 
lodethyl-trimethyl-ammonium   iodide, 

65 
lodopyromeconic  acid.  621 
a-Iodpropionic  acid,  141 
;3-Iodpropionic  acid,  20,  152,  401 
lodo-succinimide,  193 
lodstearidic  acid,  424 
Iron  pyruvate,  155 
Iron  sucrates,  528 
Iron  tartrates,  226 
Isethionic  acid,  53 
Isethionyl  dichloride,  55 
Tsoallylene,  450,  462 
Isoallylene  tetrabromide,  462 
Isoallylene-tetracarboxyiic  acid,  429 
Isobrommaleic  acid,  214 
Isobutyl  aldehyde,  12 
Isobutyl  angelate,  408 
Isobutyl  ether,  181 
Isobutyl-guanamine,  342 
Isobutyl  isobutyrate,  408 
Isobutyl-malonic  acid,  274 
leobutyl  oxalate,  117 
Isobutyl-oxymalonic  acid,  274 
Isobutyl-tartronic  acid,  274 
Isobutylene,  6,  163,  164 
Isobutylene  alcohol,  11 
Isobutylene  bromide,  165 
Isobutylene  chlorhydrin,  165 
Isobutylene  chloride,  165 
Isobutylene  glycol,  165 
Isobutyric  acid,  242 
Isochlorcitramalic  acid,  444 
Isocrotonic  acid,  405 
Isocrotylamine,  402 
Isocrotyl  mustard  oil,  402 
Isocrotyl  thiocarbimide,  402 
Isocyanpropionic  acid,  196 
Isodibromsuccinic  anhydride,  213 
Isodibromsuccinic  acid,  212,  217 
Isodiethyloxamide,  121 
Isodulcitan,  492 
Isodulcite,  492 
Isodulcrtic  acid,  492 
Isoheptylene,  271 
Isoleucine,  264 
Isoleucinimide,  265 
Isomalic  acid,  207 
Isomerides  and  homologues  of  pyromucic 

acid,  612 
Isopimelic  acid,  273 
Isopropyl  acetylene,  464 
Isopropyl-acrylic  acid,  412 
Isopropyl  diallyl  carbinol,  474 
Isopropyl-ethylene,  241 
Isopropyl-ethylene  glycol,  241 
Isopropyl-guanam:ne,  342 
Isopropyl -malonic  acid,  270 
I  so  propyl -succinic  acid,  273,  274 
Isopyromucic  acid,  612 


Isopyroterebic  acid,  415 
Isosuberic  acid,  282 
Isosuccinyl  compounds,  197 
Iso-succinic  acid,  20,  197 
Iso-uric  acid,  306 
Itabrompyrotartaricacid,  442 
Itachlorpyrotartaric  acid,  441 
Itaconic  acid,  439,  440,  446 
Itaconic  anhydride,  441 
Itadibrompyrotartaric  acid,  442,  446 
Itamalic  acid,  441,  442 
Itatartaric  acid,  442 


Japanese  paper,  592 
Jute,  588 


K. 


Kahwa,  Arab  beverage,  335 

Ketonic  acids,  171,  244,  260,  272,  278, 

287 
Ketones,  11, 
Koumiss,  composition  of,  532 


L. 


Lagtamide,  142 

Lactates,  the,  136 

Lactic  acid,  10,  14,  15,  133;  by  fer- 
mentation, 135  ;  synthesis  of,  134  ; 
ethereal  salts  of,  138  ;  substitution- 
products,  146 

Lactic  anhydride,  139 

Lactic  chloralide,  148 

Lactic  series  of  acids,  14 

Lactide,  140 

Lactimide,  142 

Lactolactic  acid,  139 

)8-Lactonitril,  153 

Lactose,  548 

Lacturamic  acid,  143 

Lactyl  amido-compounds,  142 

Lactyl  carbamide  and  guanidine  com- 
pounds, 143 

Lactyl  chloride,  17,  140 

Lactyl  compounds,  133 

Lactyl  ethyl  lactate,  139 

Lactyl-guanidine,  144 

Lactyl  nitrils,  144 

Lactyl  sulphur  compounds,  141 

Lactyl  urea,  143 

Laevotartaric  acid,  233 

liasvuliUj  567 

Lsevulinic  acid,  249 

Lasvulosan,  547 

LEevulose,  537,  545 

LaBVulose,  metallic  compounds  of,  547 

Lantanuric  acid,  324 

Lard,  369 
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Lead  acrylate,  401 
Lead  fumarnte,  211 
Lead  glycerate,  376 
Lead  glycollate,  84 
Lead  maleate,  212 
Lead  mesoxalate,  161 
Lead  oleate,  421 
Lead  oxalate,  114 
Lead  saccharate,  596 
Lead  sucrates,  527 
Lead  tartrate,  225 
Lecithins,  370 
Lepargylic  acid,  287 
Leucic  a-cid,  260 

Leucine,    261  ;    preparation    and   pro- 
perties, 262 
Leucinimide,  264 
Leuconic  acid,  630 
Lichenic  acid,  209 
Lichinine,  566 
Lignin,  woody  fibre  of,  583 
Linoleic  acid,  477 
Liuoxyn,  478 
Linseed  mucilage,  573 
Linseed  oils,  478 
Lipinic  acid,  267 
Lipyl,  344 
Lipyl  oxide,  344 
Ijycine,  95 


M. 


Madagascar  manna,  480 

Magnesia  citrica  cfferveseenSj  435 

Magnesium  violurate,  309 

Maize-starch,  556  ;  granules,  558 

Malamic  acid,  204 

Malamide,  204 

Malates,  the,  200 

Maleates,  the,  212 

Maleic  acid,  208 

Maleicacid,  212  ;  constitution  of,  214 

Maleic  anhydride,  213 

Maleyl  oxide,  213 

Malic  acid,  185,  198 

Malic  acid,  amido  compounds  of,  204 

Malic  acid,  ethers  and  ethereal  salts  of, 

202 
Malic  acid,  optical  isomerides  of,  201 
Malonic  acid,  21 

Malonicacid,  156  :  synthesis  of,  157 
Malonyl  dimethyl-urea,  S07 
Malonyl  compounds,  156 
Malonyl-urea,  298,  306 
Maltose,  535 
Manilla  hemp,  588 
Malyl  ureide,  321 
Malyl  ureidic  acid,  321 
Manna  sugar,  484 
Mannitan,  485 
Mannitan  tetranitrate,  488 
Mannite,  484 
Mannite  dibromhydrin,  486 

205 


Mannite  dichlorhydrin,  486 

Mannite  hexasulphuric  acid,  486 

Mannitio  acid,  485 

Mannitol,  484 

Mannitose,  485 

Meconamic  acid,  618 

Meconates,  616 

Meconicacid,  616 

Mecouic  acid  group,  616 

Melene,  286 

Melezitose,  534 

Melissylene,  286 

Melitose,  534 

Mercapto-acetic  acid,  88 

Mercuric  oxalate,  114 

Mercury  succinimide,  193 

Mesaconic  acid,  439,  444,  445 

MesadibrompjTotartaric  acid,  445 

Meso-tartaric  acid,  238 

Mesoxalic  acid,  160 

Mesoxalyl-urea,  298,  300 

Metacrolein,  398 

Metallic  compounds  of  acetylene,  455 

Metallic  compounds  of  allylene,  460 

Metallic  compounds  of  dextrose,  643 

Metallic    compounds    of    ethyl    acet- 

acetate,  177 
Metallic  compounds  of  glycocoll,  93 
Metallic  compounds  of  laevulose,  547 
Metallic  couipounds  of  milk-sugar,  533 
Metallic  compounds  of  sugar,  524 
Metallic  properties  of  amylum,  561 
Metapeptic  acid,  594 
Metarabic  acid,  570 
Metezodambose,  553 
Methacrylic  acid,  380,  406 
Methene,  24 

Me thenyl -tricarboxylic  acid,  425 
Metho-ethoxalic  acid,  246 
o-Methoxysuccinic  acid,  255 
Methyl  acetacetato,  181 
Methyl  acetoacetic  acid,  247 
Methyl  acetocitrate,  436 
Methylacetylene,  448,  459 
Methylal,  24 

Methylated  explosive  oil,  361 
Methyl  bromacetol,  132 
Methyl-butyl-ethylene,  271 
Methyl  chlortricarballylate,  436 
Methyl  citric  acid,  436 
Methyl-cro tonic  acid,  409 
Methyl  diallyl  carbinol,  474 
Methyl-diethyl-osyacetate,  266 
^-Methyl-ethenyl    tricarboxylic    acid^ 

426 
Methyl  ether,  181 
Methylethyl-acetacetate,  267 
Methyl-ethyl  acetaU  70 
Methyl-ethyl  acetic  acid,  409 
Methyl-ethyl-acetylene,  448,  464 
Methyl-ethyl-acrolein,  414 
Methyl  ethylene,  124 
Methyl-ethyl-malonic  acid,  270 
Methyl- ethyl-oxalate,  117 
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Methyl-ethyl -oxybatjndc  acid,  272 
Methyl-ethyl-pinacone,  277 
Methyl  fumarate,  211 
Methyl  guanidoacetic  acid,  98 
a-Methyl-glutaric  acid,  269 
Methyl-glycocoU,  94 
Methyl  glycollate,  85 
Methyl  glycoUyl  guanidine,  99 
Metyl-hydrantoin,  96 
Methyl -isocrotyl  alcohol,  468 
Methyl-isocrotyl  carbinol,  411 
Methyl-isocrotyl  chloride,  4G8 
Methyl-isocrotyl  compounds,  468 
Methyl-isocrotyl  iodide,  468 
Methyl-isocrotyl  ketone,  411 
Methyl-isocrotyl  monacetate,  468 
Methyl-ketone-propionic  acid,  21 
Methyl  lactate,  138 
Methyl  Isevulinate,  250 
Methyl  maleate,  213 
Methyl  malonic  acid,  197 
Methyl  oxalate,  116 
a-Methyloxybutyric  acid,  246 
/3-Methyloxybutyric  acid,  247 
Methyl- parabanic  acid,  317 
Methyl-propyl-ethylene,  6,  257 
Methyl-propyl- ethylene  glycol,  2^8 
Methyl-propyl-ethylene-lactic  acid,  272 
Methyl-propyl-isoallylene,  469 
Methyl  pyruvate,  155 
Methyl  racemate,  235 
Methyl  succinate,  188 
Methyl- succinic  acid,  21,  253 
^-Methyl-succinic  acid,  269 
Methyl  succinyl  urea,  320 
Methyl  tartronic  acid,  208 
Methyl  theobromine,  332 
Methyl  thialdine  hydriodide,  76 
Methyl- thioparabanic  a-cid,  318 
Methyl  uric  acid,  297 
Methylene  acetate,  25 
Methylene  acetochloride,  25 
Methylene  aeeto -methyl-oxide,  25 
Methylene  chloracetin,  25 
Methylene  compounds,  24 
Methylene  dimethyl  ether,  24 
Methylene  di-iodide,  131 
Methylene  guanamine,  341 
Methylene  Ihiocyanate,  25 
Milk-sugar,  530  ;  ethereal  and  metallic 

compounds  of,  533 
Millet-starch  granules,  559 
ilixed  allylamines,  388 
ilolasses,  503 

Molasses,  extraction  of  sugar  from,  509 
Monhydric  potassium  diliturate,  310 
Moniodcaproic  acid,  476 
Moniodethyl  oxide,  47 
Moniodethylene,  47 
Monrodlactic  acid,  148 
Mona&etate,  468 
Monaeetin,  365 
Monaceto-saccharose,  530 
Monacid  potassium  citrate,  433 


Monad  alcohol  radicals,  compounds  of 

the,  379 
Monobasic  acids  (lactic  series),  14 
Monobasic    acids,    C^HgnOg,    synthesis 

of,  15 
Monobasic  saccharate  of  lime,  526 
Monobrom acetylene,  459 
Monobrombarbituric  acid,  311 
Monobromethylene,  46 
Monobromhydrin  of  mannitan,  486 
Monobromisosuccinic  acid,  198 
Monobromlactic  acid,  148 
Monobromacetal,  69 
Monobrompyromucic  acid,  608 
Monobromsuccinic  acid,  196 
Monobrothiophene,  632 
Monocalcium  sucrate,  526 
Monochloracetal,  68 
Monochloracetone,  128 
Monochloracetylene,  458 
Monochlordiacetin,  366 
Monochlor- ethyl-alcohol,  39 
Monochlorethylene,  41 
Monochlorethylene  dichloride,  41,  71 
Monochlorhydrin  of  mannitan,  486 
Monochlorhexine,  466 
Monochlorlactic  acid,  146 
Monochlorsuberic  acid,  447 
Monochlordinitrin,  362 
Monoformin,  365 
Monolein,  421 
Monostearin,  367 
Monosulphydrin,  373 
Monopalmitin,  367 
Mono-ureides,  299 
Mucamide,  599 
Mucates,  598 
Mucic  acid,  597 
Mucilage,  573 
Muconic  acid,  600 
Murexan,  307 
Murexide,  300,  313,  314 
Murexoin,  338 
Muscarine,  95 
Mustard  oil,  390 
Mustard-oil  acetic  acid,  91,  97 
Mutton  suet,  369 
Mycomelic  acid,  293,  299 
Mycose,  535 

Myristolic  acid,  390,  391 
Myronic  acid,  477 

Nanceic  acid,  133 
Keurine,  63,  65 
Nitrates  of  amylum,  561 
Nitrates  of  cellulose,  577 
Nitrils  of  oxalic  acid,  122 
Nitroacetic  acid,  91 
Nitro-amylene,  244 
Nitrobarbituric  acid,  309 
Nitroerythrol,  483 
Nitrodiilcitol,  491 
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Nitrogen  bases  of  allyl,  387 
Nitrogen  bases  of  ethylene,  58 
Nitrogen  compounds  of  propenyl,  374 
Nitrogen  compounds  of  succinyl,  192 
Nitrogen  and  ethidene  compounds,  74 
Nitro-glj-cerine,  358 
Nitro-isobutylene,  165 
Kitro-isodulcitan,  492 
Kitro-lactic  acid,  17,  139 
Nitro-manuite,  487 
Nitro  octylenp,  276 
0-Nitropropionic  acid,  152 
Nitropyroraecazone,  623 
Nitro pyromecazonic  acid,  623 
Kitropyromeconic  acid,  622 
Nitropyromucic  acid,  608 
Nitro-pyruvinureide,  325 
Nitroso-o-inido-propionitril,  145 
Nitroso-barbituric  acid,  308 
Nitroaodipyromeconic  acid,  622 
Nitroso-purfurin,  604 
Nitrosomalonic  acid,  159 
Niti'osopyromeconic  acid,  622 
Nitro-theine,  318,  335 
Nitro-ti'imethyl-ethylene,  244 
Nitroxyacetodextrose,  545 
Nitroxycitric  acid,  437 
Nitroxylactic  acid,  139 
Nitroxylactose,  533 
Nobel's  explosive  oil,  360 
Normal  ammonium  oxalate,  113 
Normal  barium  citrate,  424 
Normal  barium  tartrate,  225 
Normal  cadmium  saccharate,  596 
Normal  calcium  citrate,  434 
Normal  calcium  malate,  200 
Normal  calcium  pyrotartrate,  254 
Normal  calcium  saccharate,  596 
Normal  sthyl  citrate,  437 
Normal  ethyl  fumarate,  211 
Normal  ethyl  malate,  202 
Normal  ethyl  meconate,  617 
Normal  ethyl  succinate,  188 
Normal  ethyl  tartrate,  230 
Normal  heptylene,  271 
Normal  hexylene,  257 
Normal  lead  malate,  201 
Normal  lead  pyrotai-trate,  254 
Normal  lithium  tartrate,  225 
Normal  magnesium  citrate,  434 
Normal  methyl  citrate,  436 
Normal  octylene,  275 
Normal  potassium  citrate,  433 
Normal  potassium  desoxalate,  428 
Normal  potassium  meconate,  617 
Normal  potassium  oxalate,  112 
Normal  potassium  pyrotartrate,  254 
Normal  potassium  racemate,  235 
Normal  potassium  tartrate,  224 
Normal  potassium  urate,  294 
Normal  silver  diliturate,  310 
Normal  silver  maleate,  213 
Normal  silver  meconate,  617 
Normal  sodium  oxalate,  112 


Normal  sodium  tartrate,- 224 
Normal  sodium  urate,  295 
Nonyl- acetylene,  470 
Nonylene,  285 

0. 

OcTACETO-diglucose,  544 

Octacetolactose,  533 

Octylene  chloi'hydrate,  275 

Octylene  chloride,  275 

Octylene  compounds,  275 

Octylene  diacetate,  275 

Octylene  glycol,  275 

Octylene  oxide,  275 

Odmyl,  479 

Oenanthylidene,  469 

Oenothionic  acid,  54 

Oil  of  mustard,  390 

Oils  and  fats,  368 

Oils,  drying,  478 

Olefiant  gas,  27 

Olefines,  general  properties  of  the,  3  ; 

constitution  of  the,  4  ;  formation  of 

the,     7  ;     substitution  -  products    of 
.    the,  8  ;  containing  more  than  eight 

atoms  of  carbon,  283 
Oleic  acids,  418,  419 
Olein-sulphuric  acid,  422 
Oleophosphoric  acid,  370 
Oleum  vitrioli  diilce,  285 
Optical  isomerides  of  malic  acid,  201 
Oxalaldehyde,  102 
Oxalan,  299,  320 
Oxalantin,  319 

Oxalates,  the,  111  ;  synthesis,  106 
Oxalates  of  antimony,  115 
Oxalethyline,  119 
Oxalic  acid,  10,  19 
Oxalic  acid  aldehydes,  101 
Oxalic  acid,   carbamide  compounds  of, 

122 
Oxalic  acid,  ethereal  salts  of,  116 
Oxalic  acid,  nitrils  ot,  122 
Oxalic  acid,   105  ;   manufacture,    107  ; 

properties,  109 
Oxalic  acid  series,  synthesis  of,  19 
Oxalic  series  of  acids,  19. 
Oxalite,  115 

Oxalyl,  amido-compounds  of,  118 
Oxalyl  compounds,  101 
Oxalyl -diureide,  317 
Oxalylthiosinamine,  394 
Oxalylurea,  299,  315 
Oxaluramide,  299,  320 
Oxalonitril,  122,  123 
Oxaluric  acid,  299,  319 
Oxamethane,  120 
Oxamic  acid,  120 
Oxamide,  118 
Oxides,  11 

Oxides  and  ethers  of  propenyl,  351 
Oxonic  acid,  298 
Oxyacetamide,  18 
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Oxyacetic  acid,  10,  82 

Oxyacids,  the,  244,  260,  278 

Osyacids  containing   more  than   eight 
atoms  of  carbon,  286 

Oxybutyric  acids,  167 

a-Oxybutyric  acid,  167,  241 

7-Oxybutyric  acid,  169 

j8-0xybutyraldehyde,  168,  405 

OxycaiFeine,  339 

Oxycaproic  acid,  260,  264,  278 

Oxy-choline,  65 

Oxycitraconic  acid,  444 

Oxycitric  acid,  438 

Osycomenic  acid,  620 

Oxyci'oconic  acid,  629 

Oxydibutidene  hydroxyamine,  169 

Oxyethy  lace  tic  acid,  85 

Oxyethylamine,  62 

Oxyethylammonium  chloride,  63 

Oxyethyl-triethyl-phosphonium  hy- 
droxide, 66 

Oxyethyl-triethyl-ammonium  chloride, 
65 

Oxyethyl-trimethyl- ammonium,  hy- 
droxide, 63,  64 

Oxyethidene-succinic  acid,  208 

Oxyethidene-succinamic  acid,  208 

a-Oxyglutaric  acid,  252 

3-Oxyglutaric  acid,  252 

Oxyheptylic  acid  salts,  416 

Oxyisobutyric  acid,  11,  15,  243 

a-Oxyisobutyric  acid,  170 

Oxyisocaproic  acid,  264 

Oxyitaconic  acid,  442,  446 

Oxymalonic  acid,  160 

Oxymargaric  acid,  287 

Oxymyristic  acid,  286 

Oxyoenanthylic  acid,  272 

Oxyoctenol,  277 

Oxyoctoic  acid,  278 

Oxypentaldine,  75 

7-Oxypentoic  acid,  248 

Oxyphenylamidopropionic  acid,  261 

Oxypropaue-siilphonic  acid,  339 

a-Oxypropionic  acid,  10,  14,  133,  150 

j8-Oxypropionic  acid,  150 

a-Oxypropionitril,  144 

Oxypyromecazonic  acid,  623 

Oxypyrotartaric  acid,  252,  255 

^-Oxysiobutyric  acid,  171 

Oxysocaproic  acid,  264 

Oxysuberancaiboxylic  acid,  281 

Oxysuccinic  aeids,  198 

Oxytetraldine,  75 

Oxytrialdine,  75 

a-Oxyvaleramide,  245 

Oxyvaleric  acid,  242 

o-Oxyvaleric  acid,  244 

j8- Oxyvaleric  acid,  246 


Palm  oil,  369 
Palmitolic  acid,  477 


Paper  making,  589 

Parabanic  acid,  291,  299,  815 

Parabanic  acids,  reactions  for  the,  318 

Parabanic  group,  315 

Parabin,  517 

Paraconic  acid,  441 

Paracyanogen,  124 

Para-ethylene  oxide,  37 

Paragluconic  acid,  543 

Parahydrocyanaldine,  145 

Paralactic  acid,  148 

Paralactyl  compounds,  148 

Paraldol,  169 

Paramaleic  acid,  209 

Paramucic  acid,  599 

Paramylene,  283 

Pararaylum,  562 

Parasaccharose,  530 

Parasorbic  acid,  476 

Parchment  paper,  576 

Pectin,  594 

Pectous  substances,  594 

Pentabromethane,  459 

Pentaceto-dextrose,  545 

Pentachloracetal,  79 

Pentanitroxylactose,  533 

Pentenyl  alcohol,  378 

Pentethylene  alcohol,  37 

Pentine  compounds,  464 

Pentinic  acid,  630 

Pentylacetylene,  448,  469 

Pentyleue  compounds,  240 

Pentylene  dibromide,  241 

Pentyl-ethylene,  271 

Phosphates  of  propenyl,  363 

Phosphor-Betaine,  101 

Phosphor-ethyl- Betaine,  101 

Phospborus  basses  of  ethylene,  65 

Phosphorus   compounds    of    glycolyl, 

101 
Phosphortrimethyl  glycocoll,  101 
Phycite,  481 
Physetoleic  acid,  41 9 
Pimelic  acid,  267,  273 
aPimelic  acid,  23,  273,  613,  615 
Pinacones,  10 
Pinacolines,  12 
Pinacone,  259 ;  hydrate,  264 
Pinite,  492 
Platino- chloride,  129 
Polyethylene  alcohols,  37, 
Poly  glycerols,  351 
Polyoxyethylamines,  63 
Poppy  oil,  480 

Potassio-antimonious  tartrate,  226 
Potassium  acrylate,  401 
Potassium  amido-acetate,  18 
Potassium  carboxide  compounds,  625 
Potassium  carboxide  derivatives,  629 
Potassium  carboxylates,  627 
Potassium  chelidonate,  624 
Potassium  croconate,  628 
Potassium  j9-cyancrotonate,  446 
Potassium  ethidene  sulphite,  73 


INDEX. 


651 


Potassium  ethyl  lactate,  138 
Potassium  glyoxylate,  104 
Potassium  hydroconate,  628 
Potassium  isethionate,  54 
Potassium  malonate,  157 
Potassium  myronate,  391 
Potassium  paracyan  form  ate,  122 
Potassium  propiolate,  475 
Potassium  quadroxalate,  112 
Potassium  rhodizonate,  627 
Potassium  sodium  tartrate,  224 
Potassium  tartryl  arsenate,  228 
Potassium  tartryl  borate,  229 
Potassium  violurate,  309 
Potato-starch,  556  ;  granules,  557 
Primary  propyl  iodide,  131 
Primary  propylene  glycol,  130 
Propargyl,  471 
Propargylic  acid,  474 
Propenyl  alcohol,  343 
Propenyl  arsenite,  363 
a-Propenyl  chlorhydrin,  353 
iS-Propenyl  chlorhydrin,  353 
a-Propenyl  dibromhydrin,  357 
^-Propenyl  dibromhydrin,  357 
o- Propenyl  dichlorhydrin,  353 
^-Propenyl  dichlorhydrin,  354 
a-Propenyl  di-iodhydrin,  357 
j9-Propenyl  di-iodhydrin,  357 
Propenyl  disulphonic  acid,  373 
Propenyl,  ethereal  salts  of,  353 
Propenyl,  ethereal  salts  of    the  fatty 

acids,  364 
Propenyl  hydrosulphides,  373 
Propenyl  hydroxy  diamine,  374 
Propenyl  monobromhydrin,  357 
Propenyl  mono-iodhydrin,  358 
Propenyl  mononitrate,  358 
Propenyl  monosulphonic  acid,  373 
Propenyl,  nitrogen  compounds  of,  374 
Propenyl  oxide,  351 
Propenyl,  oxides  and  ethers  of,  351 
Propenyl  phosphates,  363 
Propenyl,  sulphates  of,  358 
Propenyl  triamine,  375 
Propenyl  tribromide,  357 
Propenyl  tricarboxylic  acid,  428 
Propenyl  trichloride,  355 
Propenyltrimethyl  ammonium  chloride, 

375 
Propenyl  trinitrate,  358 
Propenyl  trisulphonic  acid,  374 
Propidene  bromide,  133 
Propidene  chloride,  132,  133 
Propidene  compounds,  132 
Propidene  oxide,  11 
Propiolic  acid,  474 
Propine  compounds,  459 
Propinyl,  471 
Propinyl  acetate,  473 
Propinyl  alcohol,  471 
Propinyl  bromide,  472 
Propinyl  chloride,  472 
Propinyl  compounds,  471 


Propionyl  formic  acid,  171 
Propinyl  iodide,  472 
Propion  aldehyde,  1 1 
Propyl-acetylene,  464 
Propyl-acrylic  acid,  414 
Propyl  diallyl  carbinol,  474 
Propylene,  6,  124 
Propylene  alcohol,  10,  126 
Propylene  bromhydrin,  128 
Propylene  dibromide,  128 
Propylene  di-iodide,  129 
Propylene  chlorhydrin,  127 
Propylene  chloride,  13,  133 
Propylene  compounds,  124 
Propylene  diamine,  129 
Propylene  dicMoride,  128 
Propylene  glycol,  9,  126 
Propylene  iodhydrin,  128 
Propylene  nitrate,  129 
Propylene  oxide,  11,  127 
Propyl-ethenyl- tricarboxylic  acid,  426 
Propyl-ethylene,  6,  241 
Propyl  glycoUate,  85 
Propyl-guanamine,  342 
Propyl  Jaevulinate,  250 
Propyl-malonic  acid,  270 
Propyl  oxalate,  117 
Protagon,  372 
Pseudo-acetyl-pyrrol,  611 
Pseudo-butyl-ethylene,  259 
Pseudohexylene  chlorhydrate,  468 
Pseudohexylene  chloride,  467 
Pseudohexylene  compounds,  467 
Pseudohexylene  diacetate,  468 
Pseudohexylene  glycol,  468 
Pseudohexylene  iodide,  468 
Pseudohexylene  oxide,  468 
Pseudorcin,  481 
Pseudo-uric  acid,  308 
Pseudoxanthine,  327 
Purpuric  acid,  307,  313 
Pyridin,  619 
Pyi'oaconitic  acid,  439 
Pyrocitric  acids,  439 
Pyrocitric  acids,   constitution  of  the, 

445 
Pyrodextrine,  5Q6 
P3T:omecazone,  623 
Pyi'omecazonic  acid,  623 
Pyromeconates,  621 
Pyromeconic  acid,  620 
Pyromucamide  hiamid^ey  610 
Pyromucates,  the,  606 
Pyromucic  acid,  605  ;  addition  products 

of,    606 ;    substitution-products    of, 

608  ;  isomerides  and  homologues  of, 

612 
yS-Pyromucic  acid,  612 
Pyroracemates,  155 
Pyroracemic  acid,  153,  876 
Pyrotartaric  acid,  253 
Pyrotartaric  anhydride,  255 
Pyrotartronitril,  253 
Pyroterebic  acid,  412 
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Pyro-uric  acid,  293 
Pyruvates,  155 
Pyruvic  acid,  153,  154 
Pyruvil,  325 
Pyruvinureide,  325 
Pyruvyl  acetate,  473 
Pyruvyi  alcohol,  472 
Pyruvyl  compounds,  153 
Pyrrol,  609,  633 
Pyrrolin,  610 
Pyrrol-red,  610 


QUERCITE,  493 

Quince  mucilage,  573 


R. 


Racemio  acid,  233,  238,  239  ;  ethereal 

salts  of,  235 
Raphides,  113 
Rhodacetic  acid,  90 
Rliodizonic  acid,  626,  628 
Rice  paper,  592 

Rice-starch,  556  ;  granules,  558 
Ricinelaidic  acid,  425 
Ricinolamide,  424 
Ricinoleic  acid,  424 
Roccellic  acid,  289 
Rubidium  tartrate,  225 
Rutylene,  470 
Rye-starch  granules,  558 


S. 


Saccharamide,  597 

Saccharates,  696 

Saccharic  acid,  485,  547,  595 

Saccharimetry,  615 

Saccharin,  547 

Saccharon,  548 

Saccharose,  ethereal  compounds  of,  529 

Saccharoses,  496 

Succinyl,  nitrogen  compounds  of,  192 

Sago,  556  ;  starch  granules,  568 

Saline  compounds  of  glycocoll,  93 

Salts  of  creatinine,  100 

Sarcine,  325,  327 

Sarcolactic  acid,  148 

Sarcosine,  94 

Scyllite,  552 

Sebacic  acid,  23,  288 

Selenaldine,  76 

Serin,  377 

Shea  butter,  369 

Silver  acetylide,  456 

Silver  acrylate,  401 

Silveraliylide,  461 

Silver  citrate,  435 

Silver  croconate,  629 


Silver  dipropinyl,  467 

Silver  ethyl  lactate,  139 

Silver  ethyl  mecouate,  617 

Silver  fumarate,  211 

Silver  glycollate,  84 

Silver  glyoxylate,  105 

Silver  isosuccinate,  197 

Silver  Isevulinate,  250 

Silver  leucate,  261 

Silver  malate,  201 

Silver  mesoxalate,  161 

Silver  oxalate,  114 

Silver  pentoate,  248 

Silver  pyrotartrate,  254 

Silver  pyruvate,  155 

Silver  rhodizonate,  628 

Silver  succinimide,  193 

Silver  succinate,  187 

Silver  tartrate,  228 

Sinalbin,  392 

Sinamine,  395 

Sinapoline,  393 

Sinistrine,  566 

Sinnigrin,  393 

Sodacetone  carbonate  of  ethyl,  173 

Sodium  acetoacetic  ether,  173 

Sftdium  acrylate,  401 

Sodium-allylene,  460 

Sodium  elaidate,  423 

Sodium  ethidene  sulphite,  73 

Sodium  ethylate,  174 

Sodium  ethyl  lactate,  138 

Sodium  ethyl  malonate,  158 

Sodium  hydracrylate,  151 

Sodium  lactate,  137 

Sodium-malonic  ether,  21 

Sodium  mono-ethylenate,  35 

Sodium  oleate,  421 

Sodium  propenylate,  349 

Sodium  pyruvate,  155 

Sodium  sucrate,  525 

Sodium  sulphallidene-sulphite,  399 

Sodium  xantbate,  181 

Sorbic  acid,  475 

Sorbin,  550 

Sorbite,  492 

Sorghum  sugar,  510 

Spiritus  tartari,  153 

Stannous  lactate,  138 

Starch,  554,  556  ;  granules,  557 

Starch-paste,  559 

Starch-sugar,  538  ;  uses  of,  543 

Stearins,  the,  367 

Stearoleic  acid,  476 

Stearoxylic  acid,  477 

Strontium  glycerate,  376 

Strontium  sucrate,  527 

Strontium  tartrate,  225 

Suberaldehyde,  280 

Suberancarboxylic  acid,  281 

Suberic  acid,  23,  267,  278 

Suberomaleic  acid,  280 

Suberone,  280 

Subero tartaric  acid,  280 
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Substitution-products  of  acrylic  acid, 
401 

Substitution-products  of  allyl  alcohol 
and  of  its  ethers  and  ethereal  salts, 
385 

Succinamic  acid,  23,  193 

Suceinamide,  23,  192 

Succinates,  186 

Succincyamic  acid,  194 

Succincyanamide,  194 

Succinic  acid,  19,  23,  182,  267 ; 
ethereal  salts  of,  188  ;  substitution- 
products,  196 

Succinic  anhydride,  32,  191 

Succinimide,  23,  192,  193 

Succino-nitril,  19,  195 

Succino-sulphuric  acid,  192 

Succino-sulphurous  acid,  192 

Succinuric  acid,  321 

Succinyl  chloride,  191 

Succinyl  compounds,  ]  82 

Succinyl  dicarbamide,  321 

Succinyl  oxide,  191 

Succinyl,  sulphur  compounds  of,  191 

Sucrates  of  calcium,  525 

Sucrates  of  iron,  528 

Sucrates  of  lead,  527 

Sucre  de  gelatine,  92 

Suet,  369 

Sugar  analysis,  510 

Sugar,  estimation  of  soluble  ash  in, 
518 

Sugar  extracted  from  molasses,  509 

Sugar  extracted  from  plants,  510 

Sugar  manufacture,  498 

Sugar,  metallic  compounds  of,  524 

Sugar  refining,  506 

Sugar  and  salt  compounds,  529 

Sulphacrolein  potassium  sulphite,  399 

Sulphamin barbituric  acids,  308 

Sulphates  of  dulcitol,  491 

Sulphates  of  ethylene,  48 

Sulphates  of  propenyl,  358 

Sulphates  of  uric  acid,  297 

Sulphetherin,  52 

Sulpho-acetic  acid,  90 

Sulpho-acids  of  ethylene,  53 

Sulphohydrantoin,  97 

Sulphone-acetic  acid,  90 

Sulphonacetic  acid,  54 

Sul phono- succinic  acid,  192 

o-Sulphopropionaldehyde,  399 

o-Sulphopropionic  acid,  399 

Sulphopyromucic  acid,  608 

Sulphur  balsam,  479 

Sulphur  compounds  of  allyl,  386 

Sulphur  compounds  of  ethylene,  51 

Sulphur  compounds  of  glycolyl,  88 

Sulphur  compounds  of  lactyl,  141 

Sulphur  compounds  of  propenyl,  373 

Sulphur  compounds  of  succinyl,  191 

Superocarboxylic  acid,  447 

SylYan,  609 

Symmetrical  dimethylethylene,  163 


Synthesis  of  monobasic  acids,  OJ^^n!^^, 

15 
Synthesis  of  the  acids  of  the  oxalic 

series,  19 
Synthetical  production  of  tartaric  acid, 

219 


T. 


Tapioca,  556 
Tartar  emetic,  226 
Tartaric  anhydride,  233 
Tartaric  acid,  anhydrides  of,  232 
Tartaric   acid,    217  j    synthetical    pro- 
duction of,  219 
Tartaric    acid,    common,    or     dextro- 

rotary,  221 
Tartaric  acid,  ethereal  salts  of,  230 
Tartaric  acid  and  its  salts,  the  reactions 
of,  229 

Tartarus  boraxatus,  229 
Tartarus  solubilis,  224 

Tartarus,  290 
Tartralic  acid,  233 
Tartramic  acid,  231 
Tartramide,  231 
Tartrates,  the,  223 
Tartrelic  acid,  233 

Tatronyl  urea,  298,  303 

Taurine,  55 

Tauro- carbonic  acid,  56 

Tetrabromethylene,  46 

Tetrabromglycide,  357 

Tetrabromstearic  acid,  477 

Tetrabromthiophene,  632 

Te trace tolactose,  533 

Tetrachlordiallylamine,  388 

Tetrachlorethylene,  42 

a-Tetrachlorglycide,  356 

;8-Tetrachlorglycide,  357 

Teracrylic  acid,  415 

Tetrad    alcohol    radical    compounds, 
481 

Tetraethyl  citrate,  437 

Tetraethylammonium  dibromide,  58 

Tetrallylammonium  iodide,  838 

Tetramethyl-alloxantin,  337 

Tetramethyl-allylene,  449 

Tetramethyl -ethylene,  6,  259 

Tetramethyl-ethylene  bromide,  260 

Tetra-methyl-ethylene  chloride,  260 

Tetramethyl-ethylene  glycol,  259 

Tetramethyl-isoallylene,  469 

Tetramethyl -niurexide,  338 

Tetramylene,  240 

Tetrani'troxysaccharose,  529 

Tetraphenol,  608 

Tetrethylene  alcohol,  37 

Tetrinic  acid,  630 

Tetrinic  acid  gi'oup,  630 

Tetrol,  638,  633 

Totrolic  acid,  475 

Tetrylene,  162 
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Tetrylene-dicarboxylic  acid,  615 

Tiglic  acid,  408,  409,  410 

Tiglicaldehyde,  410 

Theobromine,  331,  339 

Theine,  332 

Thetine  compounds,  88 

Thialdine,  75,  76 

ThierscMte,  113 

Thiocarbimidacetic  acid,  91 

Thiocyanacetic  acid,  90 

ThiodiglycoUic  acid,  88 

Thiodilactic  acid,  142 

Thienyl -phenyl  ketone,  633 

Thio-gly collie  acid,  88 

Thiolactic  acid,  141 

Thionuric  acid,  308 

Thiophene,  631,  633 

Thiophenitril,  632 

Thiorufic  acid,  180 

Thiosinamine,  394 

TMosuccinic  acid,  191 

Thioxamide,  124 

Thioxalenide,  124 

Trehalose,  635 

Triacetin,  365,  378 

Triace  to  dextrose,  544 

Triad  alcohol  radicals,  compounds  of, 

343 
Triallylamine,  387 
Triallyl  cyanurfimide,  325 
Triamylene,  240,  285 
Tribasic  acids  and  compounds  related 

thereto,  425 
Tribromhydrin,  357 
Tribromlactic  acid,  148 
Tribromoxalin,*  103 
Tribromsuccinic  acid,  214 
Tributyrin,  366 
Tricalcium  sucrate,  526 
Tricarballjdic  acid,  428,  432 
Trichloracetal,  79 
Trichlorbutidene  compounds,  166 
Trichlorbutidene  glycol,  167 
Trichlorbutidene  oxide,  166 
Trichlorbutyraldehyde,  166 
Trichlorbntyric  acid,  167 
Trichlorethane,  71 
Trichlorethidene  alcohol,  78 
Trichlorethidene  chloracetin,  80 
Trichlorethidene  compounds,  7S 
Trichlorethidene  diacetamide,  81 
Trichlorethidene  diacetate,  80 
Trichlorethidene  diethyl  ether,  79 
Trichlorethidene  ethyl  acetin,  80 
Trichlorethidene  ethyl  ether,  78 
Trichlorethidene  ethylhydramine,  81 
Trichlorethidene  hydracetamide,  81 
Trichlorethidene  hydramine,  80 
Trichlorethidene  sulphite  compounds, 

80 
Trichlorethidene  thiohydrin,  80 
Trichlorethidene  m-ea,  81 
Trichlorethylene,  42 
Trichlorhydrin,  355 


Trichlorlac tic  acid,  146 

a-Trichloroxypentoic  acid,  250 

Tridecatylene,  285 

Triethyldicarbopyrrolamide,  611,  615 

Trie  thy  lene  alcohol,  37 

Triethylene  diamine,  61 

Triethylene-tetramine,  59,  61 

Triethyl  malate,  203 

Triethylene-triaihine,  58,  59,  61 

Triethyl  raeconate,  617 

Triethyl  oxamide,  121 

Triethyl  phosphosinamine,  395 

Triethyl  propenyl  ether,  352 

Trigenic  acid,  77 

Triglycerol,  351 

Triglycolamidic  acid,  18 

Trihydrocarboxylic  acid,  627 

Tri-isobutylene,  284 

Trilaurin,  367 

Trimethylene  bromide,  130 

Trimethyl-bromethyl-ammonium  bro- 
mide, 59 

Trimethylcarbyl- methyl -ethylene,  272 

Trimethylene  alcohol,  130 

Trimethylene  chlorhydrin,  130, 

Trimethylene  chloride^  133,  230 

Trimethylene  compounds,  129 

Trimethylene  diacetate,  130 

Trimethylene  oxide,  11,  130 

Trimethyl  ethylene,  242 

Trimethyl-glycocoll,  95 

Trimethyl- vinyl-ammonium  bromide, 
59 

Trinitrin,  358 

Trinitropropane,  375 

Triniroxylactose,  533 

Trimyiietin,  367 

Triolein,  421 

Trioxyethylamine,  62 

Trioxyethylammonium  chloride,  63 

Tripalmitin,  367 

Tripropenyl  strontium  manganite,  350 

Tristearin,  367 

Trisuccinamide,  194 

Trisulphhydrin,  373 

Triticin,  568 

Trivalerin,  366 

Tunicin,  593 

Tyrosine,  261 


U. 


Undecolic  acid,  477 
Undecylenic  acid,  418 
Unsyrametrical  dime  thyle  thy  lene,  163, 

164 
Uramil,  298,  307 
Urates,  the,  294 
Uric    acid,    290  ;     preparation,    291  ; 

synthesis,      292 ;      properties,    293; 

tests,  294  ;  estimation  of,  294 
Uric  acid  group,  290 
Uroxanic  acid,  297 
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a-VALEKOLACTIDE,  245 

Valerolactone,  248 

Valerius,  366 

Yalerolactic  acid,  138 

Vegetable  mucilage,  573 

Yiuyl  bromide,  46 

Vinyl  chloride,  41 

Vinyl-ethyl,  163 

Vinyl-ethyl  ether,  69 

Vinyl  iodide,  47 

Vinyl-trimethyl-ammonium  hydroxide, 
65 

Vinyl- trie thyl-arsonium  hydroxide,  67 

Vinyl  -  triethyl  -  phosphomum      com- 
pounds, 66 

Violantin,  310 

Violuric  acid,  308 


W. 


"Walnut  oil,  480 

"Wheaten-starch  granules,  557 ;  paste, 

561 
"Wood  gum,  572 


"Wood-pulp  in  paper  making,  591 
"Wood,  technical  uses  of,  592  ;    preser- 
vation of,  693 
"Woody  fibre  of  lignin,  583 


Xanthine,  325,  339 
Xanthine  hydrochlorate,  327 
Xanthine  sulphate,  327 
Xeronio  acid,  446 


Zinc  acrylate,  401 

Zinc  diethyl-oxyacetate,  266 

Zinc  glutarate,  251 
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